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
 'LH YRUOLHJHQGH3URPRWLRQVDUEHLW LVW GHP)RUVFKXQJVJHELHW GHU Ä([SHULPHQWHOOHQ
%RGHQPHFKDQLN³ ]X]XRUGQHQ 0LWWHOSXQNW ELOGHW GLH 8QWHUVXFKXQJ YRQ H[SDQVLYHQ
0DWHULDOLHQ XQWHU %HUFNVLFKWLJXQJ GHUHQ QLFKW YROOVWlQGLJHU 6lWWLJXQJ 'HUDUWLJH
$UEHLWHQ EH]LHKHQ VLFK RIW DXI GLH $QZHQGXQJ GLHVHU 0DWHULDOLHQ LP 5DKPHQ GHU
XQWHUWlJLJHQ /DJHUXQJ KRFK WR[LVFKHU $EIlOOH ,P *HJHQVDW] ]XU $QZHQGXQJ LQ GHU
XQPLWWHOEDUHQ1lKHGHV$EIDOOVZLUGLQGLHVHU$UEHLWGHU(LQVDW]LQ9HUVFKOXVVEDXZHUNHQ
EHKDQGHOW$XVGLHVHP*UXQGZHUGHQ(LQIOVVHGHU7HPSHUDWXUQLFKWEHWUDFKWHW
 ,P5DKPHQGHUXQWHUWlJLJHQ(QGODJHUXQJKRFKWR[LVFKHU$EIlOOHLVWHLQHZLFKWLJH
=LHOVHW]XQJ GLH P|JOLFKVW YROOVWlQGLJH $ENDSVOXQJ GHV $EIDOOV YRQ GHU %LRVSKlUH
%HVRQGHUV DOWH %HUJZHUNH ELHWHQ VLFK KLHUIU DQ XQGZHUGHQZHOWZHLW IDYRULVLHUW (LQ
ZLFKWLJHV %DXZHUN LP *HVDPWNRQ]HSW LVW GDV VR JHQDQQWH Ä9HUVFKOXVVEDXZHUN³
JHZLVVHU0DHQGLH(LQJDQJVWU]XHLQHP(QGODJHU
 1HEHQ $XIJDEHQ GHU /DVWDEWUDJXQJ LQ GDV XPJHEHQGH *HELUJH XQG GHU
/DJHVWDELOLWlWVWHKWGLH9HUULQJHUXQJGHU'XUFKVWU|PEDUNHLW LP9RUGHUJUXQG%HYRU]XJW
ZHUGHQ%DXVWRIIHGLHXQWHU)OXLG]XWULWWTXHOOHQXQGGDGXUFKLKUH3HUPHDELOLWlWGUDVWLVFK
UHGX]LHUHQ (LQH GHU WHFKQLVFKHQ 0|JOLFKNHLWHQ ELOGHQ 0LVFKXQJHQ DXV 6DQG XQG
DNWLYHP 7RQ KLHU EHVRQGHUV XQWHUVFKLHGOLFKH %HQWRQLWH 'HU XUVSUQJOLFK ÄWURFNHQ³
HLQJHEDXWH%DXVWRIIHUIlKUWEHLHLQHU)OXLGEHDXIVFKODJXQJHLQHSURJUHVVLYH$XIVlWWLJXQJ
'HVKDOE LVW HLQH %HVFKUHLEXQJ GHU NRQVWLWXWLYHQ (LJHQVFKDIWHQ XQWHU %HUFNVLFKWLJXQJ
GHV6lWWLJXQJVJUDGHVYRQHQWVFKHLGHQGHU%HGHXWXQJ
 1HEHQGHU3HUPHDELOLWlWLVWGLH(QWZLFNOXQJGHU9ROXPHQlQGHUXQJ4XHOOSRWHQWLDO
E]ZGHV4XHOOGUXFNVGHU.RPSUHVVLELOLWlWPLWGHU6lWWLJXQJYRQ%HGHXWXQJ
 7HLOJHVlWWLJWH 0DWHULDOLHQ HUIRUGHUQ HLQH 'LVNXVVLRQ GHU ]X LKUHU %HVFKUHLEXQJ
QRWZHQGLJHQ 'HILQLWLRQ GHU ÄHIIHNWLYHQ³ 6SDQQXQJHQ 'LHVHU IU WURFNHQH RGHU
YROOVWlQGLJ JHVlWWLJWH 0DWHULDOLHQ HLQJHIKUWH %HJULII PXVV EHL %HUFNVLFKWLJXQJ GHU
7HLOVlWWLJXQJ HUZHLWHUW ZHUGHQ 'HU LQ GLHVHU $UEHLW YHUIROJWH $QVDW] EHLQKDOWHW GLH
%HUFNVLFKWLJXQJ GHU VR JHQDQQWHQ Ä6DXJVSDQQXQJ³ 'LHVH XPIDVVW ZLHGHUXP
YHUVFKLHGHQH.RPSRQHQWHQ GLH VLFK DXI XQWHUVFKLHGOLFKH ]X*UXQGH OLHJHQGH 3UR]HVVH
EH]LHKHQ .DSLOODUZLUNXQJ SK\VLFRFKHPLVFKH ,QWHUDNWLRQ ]ZLVFKHQ 7RQ XQG
3RUHQIOXLGV RVPRWLVFKHU $QWHLO  (LQH ]HQWUDOH %HGHXWXQJ NRPPW GHU %H]LHKXQJ
L
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
]ZLVFKHQ6lWWLJXQJE]ZGHP:DVVHUJHKDOWXQGGHU6DXJVSDQQXQJ]X'LHVH%H]LHKXQJ
LVWDEKlQJLJYRQGHU%HODVWXQJVULFKWXQJXQGGHU%HODVWXQJVJHVFKLFKWH
 'LH YRUOLHJHQGH $UEHLW XPIDVVW QHEHQ (QWZLFNOXQJ XQG (LQIKUXQJ GHU VHKU
NRPSOH[HQ9HUVXFKVWHFKQLNGUHLZHVHQWOLFKHHLJHQVWlQGLJH$UEHLWVSDNHWH
D 'LH8QWHUVXFKXQJGHUÄ6DXJVSDQQXQJ³IUWHLOJHVlWWLJWHH[SDQVLYH0DWHULDOLHQXQG
KLHUEHL EHVRQGHUV GLH $QDO\VH GHU ]X *UXQGH OLHJHQGHQ SK\VLNDOLVFKFKHPLVFKHQ
3UR]HVVH.DSLWHO
E 8QWHUVXFKXQJHQ ]XU %H XQG (QWZlVVHUXQJ YRQ H[SDQVLYHQ 0DWHULDOLHQ IU
XQWHUVFKLHGOLFKH5DQGEHGLQJXQJHQEH]JOLFKGHU9ROXPHQGHKQXQJ.DSLWHO
F 8QWHUVXFKXQJHQ ]XP 4XHOOGUXFN XQG GHU .RPSUHVVLELOLWlW WHLOJHVlWWLJWHU
H[SDQVLYHU0DWHULDOLHQ
 'LHYRQ+HUUQ6DPLQJDQHU]LHOWHQ(UJHEQLVVHDQ%DXVWRIIHQZLHVLHLPQDWLRQDOHQ
GHXWVFKHQ .RQ]HSW YHUZHQGHW ZHUGHQ VROOHQ HUP|JOLFKHQ HV HUVWPDOLJ HLQHQ
ÄEHJUQGHWHQ³TXDQWLWDWLYHQ(QWZXUIIU'LFKWHOHPHQWHGXUFK]XIKUHQ
 %HVRQGHUV KHUYRU]XKHEHQ LVW DQ GLHVHU 6WHOOH GLH $EOHLWXQJ NRQVWLWXWLYHU
0RGHOOSDUDPHWHU DXV GHQ H[SHULPHQWHOOHQ 8QWHUVXFKXQJHQ GLHV HV XQV LQ
=XVDPPHQDUEHLWPLWXQVHUHQ3DUWQHUQHUP|JOLFKWHNRQNUHWH$XIJDEHQVWHOOXQJHQPLWWHOV
QXPHULVFKHU0RGHOOLHUXQJHQ]XEHKDQGHOQ
 'LH$UEHLWHQZXUGHQGXUFKGLH)|UGHUXQJGHV%0%)HUVWHUP|JOLFKW%HVRQGHUHU
'DQNJLOWGHP3URMHNWWUlJHUYHUWUHWHQGXUFK'U+3LWWHULFK)=.DUOVUXKH

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
 1XFOHDU DQG KD]DUGRXV ZDVWH GLVSRVDO LVVXHV KDYH EHFRPH XQLYHUVDO LVVXHV DQG
SUREOHPV UHODWHG WR WKH ILQDO GLVSRVDO RI WKHVH ZDVWH LQFOXGLQJ ILQGLQJ D VXLWDEOH VLWH
QDWXUDO DQG HQJLQHHUHG EDUULHUV XVHG FRQVWUXFWLRQ RI WKH UHSRVLWRU\ ORQJWHUP
SHUIRUPDQFHDVVHVVPHQWKDYHJDLQHG LQFUHDVLQJDWWHQWLRQDOORYHU WKHZRUOG+LJKOHYHO
UDGLRDFWLYHDQGKD]DUGRXVZDVWHDUHUHTXLUHGWREHEXULHGLQGHHSJHRORJLFDOUHSRVLWRULHV
,Q*HUPDQ\WKHRQJRLQJUHVHDUFKHVKDYHDVVHVVHGWKHVXLWDELOLW\RIVDOWVWRQHIRUPDWLRQ
LQWKHFRXQWU\DVDKRVWURFNFDQGLGDWHIRULWVQXFOHDUZDVWHUHSRVLWRU\%HQWRQLWHEDVHG
PDWHULDOVKDYHEHHQSURSRVHG WREHXVHGDV VHDOLQJDQGEXIIHUHOHPHQWV IRU WKHQXFOHDU
ZDVWH UHSRVLWRU\ 6HYHUDO K\GURPHFKDQLFDO SURFHVVHV ZLOO WDNH SODFH LQ WKH ILHOG DQG
LQIOXHQFHEHKDYLRXURIWKHVHDOLQJDQGEXIIHUHOHPHQWVRIWKHUHSRVLWRU\
 ,QWKLVGLVVHUWDWLRQDVWXG\RQWKHK\GURPHFKDQLFDOFKDUDFWHULVDWLRQRIEHQWRQLWH
VDQGPL[WXUHV LV SUHVHQWHG0L[WXUHV RI D FDOFLXPW\SH EHQWRQLWH QDPHG&DOFLJHO DQG
TXDUW] VDQG ZHUH XVHG LQ WKH LQYHVWLJDWLRQ 6HULHV RI H[SHULPHQWV LQFOXGLQJ EDVLF DQG
SK\VLFRFKHPLFDOFKDUDFWHULVDWLRQPLFURVWUXFWXUHDQGIDEULFVWXGLHVVXFWLRQDQGVZHOOLQJ
SUHVVXUHPHDVXUHPHQWVZHWWLQJ DQG GU\LQJ WHVW RQHGLPHQVLRQDO FRPSUHVVLRQUHERXQG
WHVW RQHGLPHQVLRQDO F\FOLF ZHWWLQJGU\LQJ WHVW XQGHU FRQVWDQW YHUWLFDO VWUHVV DQG
VDWXUDWHGSHUPHDELOLW\WHVWZHUHFRQGXFWHG
 7KH H[SHULPHQWDO GDWD REWDLQHG DUH DQDO\VHG DQG VHYHUDO FKDUDFWHULVWLFV RI WKH
PDWHULDODUHEURXJKWRXWLQWKLVGLVVHUWDWLRQ&RQFOXVLRQVUHJDUGLQJEDVLFEHKDYLRXURIWKH
PDWHULDOV DUH GUDZQ EDVHG RQ WKH UHVXOWV RI PLFURVWUXFWXUH DQG IDEULF VWXGLHV )DFWRUV
LQIOXHQFLQJWKHPDJQLWXGHRIVXFWLRQDQGVZHOOLQJSUHVVXUHRIWKHPDWHULDOVDUHRXWOLQHG
DQG GLVFXVVHG 7KH VXFWLRQLQGXFHG FRPSUHVVLRQ DQG UHERXQG FKDUDFWHULVWLFV RI WKH
PDWHULDO DUHGHVFULEHG7KHZHWWLQJDQGGU\LQJEHKDYLRXUDV LQIOXHQFHGE\ WKHPDWHULDO
ERXQGDU\ FRQGLWLRQV DUH GLVFXVVHG 3HUPHDELOLW\ FKDUDFWHULVWLFV RI WKH PDWHULDOV DUH
H[DPLQHGEDVHGRQVHYHUDODYDLODEOHSHUPHDELOLW\PRGHOV
 6HYHUDOPHFKDQLFDODQGK\GUDXOLFSDUDPHWHUV WKDWFDQEHXVHG LQPRGHOOLQJXVLQJ
VRPHDYDLODEOHFRQVWLWXWLYHPRGHOOLQJDSSURDFKHVDUHGHULYHGEDVHGRQWKHH[SHULPHQWDO
GDWD $W WKH HQG FRQFOXVLRQV UHJDUGLQJ WKH K\GURPHFKDQLFDO FKDUDFWHULVWLFV RI WKH
PDWHULDOVDUHGUDZQDQGVXJJHVWLRQVIRUIXWXUHVWXGLHVDUHPDGH
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
 'LH(QG9HUZDKUXQJYRQKRFKWR[LVFKHPFKHPLVFKHQXQGUDGLRDNWLYHQ$EIlOOHQ
KDW DNWXHOO ZHOWZHLW DQ %HGHXWXQJ JHZRQQHQ XQG LQVEHVRQGHUH )UDJHQ EH]JOLFK GHU
ÄRSWLPDOHQ(LQODJHUXQJ³GHU$UWGHU9HUVLHJHOXQJGLH.RQVWUXNWLRQGHU(QGODJHUVWlWWHQ
VRZLH GDV 9HUKDOWHQ ZlKUHQG ÄODQJHU³ =HLWUlXPH VLQG 6FKZHUSXQNWH GHU )RUVFKXQJ
+RFK UDGLRDNWLYH XQG FKHPLVFKH $EIlOOH VROOHQ LQ GHU 0HKU]DKO GHU .RQ]HSWH LQ
.DQLVWHUQ YHUVLHJHOW XQG XQWHULUGLVFK LQ JURHU 7LHIH LQ JHHLJQHWHQ JHRORJLVFKHQ
6FKLFKWHQ JHODJHUW ZHUGHQ $NWXHOOH )RUVFKXQJHQ LQ 'HXWVFKODQG KDEHQ HUJHEHQ GDVV
]% 6DO]*HVWHLQ HLQ ]XYHUOlVVLJHU :LUWVJHVWHLQV.DQGLGDW IU GLH VLFKHU (QGODJHUXQJ
GHVUDGLRDNWLYHQ$EIDOOVLVW%HQWRQLWEDVLHUHQGHV0DWHULDOZLUGGHU]HLWDOV9HUVLHJHOXQJ
E]Z DOV 3XIIHUPDWHULDO IU KRFK WR[LVFKHV XQG UDGLRDNWLYHV $EIDOOPDWHULDO JHQXW]W
.RPSOH[H JHNRSSHOWH K\GURPHFKDQLVFKH 3UR]HVVH EHHLQIOXVVHQ GDV 9HUKDOWHQ GHU
9HUVLHJHOXQJVRZLHGLH3XIIHUZLUNXQJGHU(QGODJHUVWlWWH
 ,Q GHU YRUOLHJHQGHQ 'LVVHUWDWLRQ ZLUG HLQH 6WXGLH EHU GLH K\GURPHFKDQLVFKHQ
(LJHQVFKDIWHQ YRQ %HWRQLW 6DQG*HPLVFKHQ GDUJHVWHOOW 'LH XQWHUVXFKWHQ0LVFKXQJHQ
EHVWHKHQ DXV XQWHUVFKLHGOLFKHQ $QWHLOHQ YRQ  .DO]LXP%HQWRQLW GDV VR JHQDQQWH
&DOFLJHO XQG 4XDU]VDQG 3RURVLPHWULHXQWHUVXFKXQJHQ XQG 6WXGLHQ PLW GHP (6(0
HUJDEHQ $XIVFKOXVV EHU GLH 6WUXNWXU XQG GLH SK\VLNDOLVFKFKHPLVFKHQ .HQQZHUWH GHV
*HIJHV DXI GHU 0LNURVNDOD $XI GHU 0DNURVNDOD ZXUGH XD GLH 6DXJVSDQQXQJV
:DVVHUJHKDOWVEH]LHKXQJ GHU *HPLVFKH XQWHUVXFKW $XHUGHP ZXUGHQ ]\NOLVFKH
7URFNQXQJVXQG%HZlVVHUXQJVYHUVXFKH.RPSUHVVLRQVYHUVXFKH LPgGRPHWHUJHUlWXQG
JHVlWWLJWH 3HUPHDELOLWlWVYHUVXFKH GXUFKJHIKUW 'HU 4XHOOGUXFN XQG GDV 4XHOOSRWHQWLDO
ZXUGHQIUXQWHUVFKLHGOLFKH%HODVWXQJVSIDGHXQWHUVXFKW
 'LH HU]LHOWHQ H[SHULPHQWHOOHQ (UJHEQLVVH ZXUGHQ LP 5DKPHQ GHU ]X *UXQGH
OLHJHQGHQ WKHRUHWLVFKHQ 0RGHOOH DXVJHZHUWHW XQG LQWHUSUHWLHUW :HJZHLVHQGH
(UNHQQWQLVVH GHU $UEHLW EH]LHKHQ VLFK DXI GLH 6DXJVSDQQXQJV:DVVHUJHKDOWVEH]LHKXQJ
IU XQWHUVFKLHGOLFKH 9HUVXFKVUDQGEHGLQJXQJHQ IUHLH 9ROXPHQlQGHUXQJ YHUVXV
YROOVWlQGLJ EHKLQGHUWH 9ROXPHQlQGHUXQJ XQG GLH (QWZLFNOXQJ GHV 4XHOOGUXFNV LQ
$EKlQJLJNHLWGHU6DXJVSDQQXQJ
 'LH HU]LHOWHQ (UJHEQLVVH ZXUGHQ ]XU .DOLEULHUXQJ YRQ ]ZHL XQWHUVFKLHGOLFKHQ
NRQVWLWXWLYHQ $QVlW]HQ EHQXW]W =XVlW]OLFK GXUFKJHIKUWH 9HUVXFKH NRQQWHQ
DEVFKOLHVVHQGHUIROJUHLFKVLPXOLHUWZHUGHQ
 
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
 3UDLVHEHWR*RGWKHPRVWJUDFLRXVDQGWKHPRVWPHUFLIXOIRU+LVKHOSVWKDWHQDEOH
PHWRILQLVKWKLVZRUN,ZRXOGOLNHWRWKDQNILUVWDQGIRUHPRVWP\VXSHUYLVRU3URI7RP
6FKDQ]IRUKLVPHWLFXORXVJXLGDQFHWKURXJKRXWP\SHULRGRIFDQGLGDWXUH,DPHVSHFLDOO\
JUDWHIXO ZLWK WKH RSSRUWXQLWLHV JLYHQ WR PH WR FDUU\ RXW WKH ZRUNV DQG FRPSLOH P\
SURPRWLRQ , ZRXOG OLNH WR DFNQRZOHGJH WKH ILQDQFLDO VXSSRUW SURYLGHG E\
%XQGHVPLQLVWHULXP IXU %LOGXQJ XQG )RUVFKXQJ %0%) WKURXJK D SURMHFW JUDQW 1R
&
 0\ JUDWLWXGH VKRXOG DOVR EH H[WHQGHG WR WKHPHPEHUV RI WKH /DERUDWRU\ RI 6RLO
0HFKDQLFV LQFOXGLQJ WKH UHVHDUFK DQG ODERUDWRU\ VWDIIV , WKDQN 'U 7ULSDWK\ ZKR
GHVLJQHG WKH KLJK SUHVVXUH RHGRPHWHU FHOO WKDW ZDV XVHG LQ WKH H[SHULPHQWDO ZRUN ,
ZRXOGDOVROLNHWRSDVVP\UHFRJQLWLRQWR'U'DWFKHYDZKRSURYLGHGDVLJQLILFDQWUROHLQ
WKHGHULYDWLRQRIPRGHOOLQJSDUDPHWHUV7KDQNVDOVRWR0V7VFKHVFKORNDQG0U+RSSH
IRUWKHLUDVVLVWDQFHLQWKHH[SHULPHQWV0\JUDWLWXGHJRHVDOVRWR0V/LQV0U=LPHUUHU
DQG0U$ULILQIRUWKHLUVKDUHVRILGHDV8QFRXQWDEOHKHOSVIURPP\URRPPDWH0U:ROII
DUHJUDWHIXOO\DFNQRZOHGJHG
 0\ WKDQNV DUH DOVR IRU3URI)UHGOXQG3URI6ULGKDUDQ DQG3URI1DJDUDM IRU WKH
GLVFXVVLRQ GXULQJ WKHLU VKRUW YLVLWV WR:HLPDU0DQ\ WKDQNV JR WR3URI'HODJH IRU KLV
DJUHHPHQW WREHDQH[WHUQDOUHYLHZHURI WKLVGLVVHUWDWLRQ WRJHWKHUZLWK3URI)UHGOXQG,
ZRXOGOLNHSDVVP\JUDWHIXOQHVVWRDOOSDUWLHVZKRLQGLUHFWO\DVVLVWHGPHGXULQJP\SHULRG
RIVWD\LQ:HLPDU
 $W ODVW EXW QRW DW OHDVW , ZRXOG OLNH WR JUDWLWXGH P\ ZLIH 6RILD ZKR KDV EHHQ
DFFRPSDQ\LQJPHSDWLHQWO\ DQGP\GDXJKWHU=DKLUD IRUKHU HQWHUWDLQLQJDQGFKHHUIXO
EHKDYLRXUDWKRPH

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
7DEOH 6XPPDU\RIWKHUHVXOWVRIWKUHHVZHOOLQJSUHVVXUHWHVWPHWKRGV 

7DEOH 3DUDPHWHUVODQGNIRUGLIIHUHQWYDOXHVRIVXFWLRQ UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUG
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
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D  $ VRLO RU ILWWLQJ SDUDPHWHU XVHG LQ WKH YDQ*HQXFKWHQ DQG )UHGOXQG DQG
;LQJ6:&&HTXDWLRQ
$  $WWUDFWLYHIRUFHV
$S  9RLGUDWLRDWWKHUHIHUHQFHQHWPHDQVWUHVVSFZLWKUHVSHFWWRFKDQJHVLQQHW
PHDQVWUHVV
$V  9RLGUDWLRDWWKHUHIHUHQFHVXFWLRQVFZLWKUHVSHFWWRFKDQJHVLQVXFWLRQ
%  %HQWRQLWHFRQWHQW
FDSS  $SSDUHQWHIIHFWLYHFRKHVLRQRIVRLO
F0  6ORSH RI '0Z'0Z PD[ YHUVXV W FXUYH DW WKH HDUOLHU VWDJH RI VZHOOLQJ
SUHVVXUHWHVW
FS  6ORSHRI3V3V PD[ YHUVXV W FXUYHDW WKHHDUOLHU VWDJHRI VZHOOLQJSUHVVXUH
WHVW
F5+  ,QWHUFHSWLQWKHUHFWDQJXODUK\SHUERODPHWKRGRIFRQVROLGDWLRQDQDO\VLV
FY  &RHIILFLHQWRIFRQVROLGDWLRQ
F
  6DWXUDWHGHIIHFWLYHFRKHVLRQRIVRLO
&  $FRUUHFWLRQIDFWRULQWKH)UHGOXQGDQG;LQJ6:&&HTXDWLRQ
&.&  .R]HQ\&DUPDQHPSLULFDOFRHIILFLHQW
&  $VRLOSDUDPHWHUFRQWUROOLQJWKHFKDQJHLQ$SZLWKVXFWLRQDQGWKHFKDQJHLQ
$VZLWKQHWPHDQVWUHVV
&  $VRLOSDUDPHWHUFRQWUROOLQJWKHFKDQJHLQ$SZLWKVXFWLRQDQGWKHFKDQJHLQ
1VZLWKQHWPHDQVWUHVV
&  $VRLOSDUDPHWHUFRQWUROOLQJWKHFKDQJHLQ1SZLWKVXFWLRQDQGWKHFKDQJHLQ
1VZLWKQHWPHDQVWUHVV
&  $VRLOSDUDPHWHUFRQWUROOLQJ WKHFKDQJH LQ$VZLWKQHWPHDQVWUHVVDQG WKH
FKDQJHLQ1SZLWKVXFWLRQ
&R  %XONFRQFHQWUDWLRQRISHUPHDQW
&SD  $GVRUSWLYHFRHIILFLHQW
&SF  &DSLOODU\FRHIILFLHQW
'  6RLOJUDLQGLDPHWHU
'DYH  $YHUDJHVRLOSRUHGLDPHWHU
[[YLL
/LVWRIV\PEROV

'S  6RLOSRUHGLDPHWHU
H  6RLOYRLGUDWLR
HE  %HQWRQLWHYRLGUDWLR
HF  &OXVWHUYRLGUDWLR
HFR  ,QLWLDOFOXVWHUYRLGUDWLRLHHTXDOWRHPR
HP  6RLOPLFURVWUXFWXUDOYRLGUDWLR
H0  6RLOPDFURVWUXFWXUDOYRLGUDWLR
HR  6RLOLQLWLDOYRLGUDWLR
H7  7RWDOYRLGUDWLRLHHTXDOWRH
(  0RGXOXV RI HODVWLFLW\ RI WKH VRLO VWUXFWXUH ZLWK UHVSHFW WR FKDQJHV LQ QHW
PHDQVWUHVV
(Z  0RGXOXVRIHODVWLFLW\RIWKHZDWHUSKDVHZLWKUHVSHFWWRFKDQJHVLQQHWPHDQ
VWUHVV
)  $IXQFWLRQXVHGLQWKHFUDFNDVVHVVPHQW
*V  6SHFLILFJUDYLW\
*VV  6SHFLILFJUDYLW\RIVDQG
+  0RGXOXVRIHODVWLFLW\RIWKHVRLOVWUXFWXUHZLWKUHVSHFWWRFKDQJHVLQVXFWLRQ
+Z  0RGXOXVRIHODVWLFLW\RIWKHZDWHUSKDVHZLWKUHVSHFWWRFKDQJHVLQVXFWLRQ
I'  0LFURPDFURLQWHUDFWLRQIXQFWLRQIRUVXFWLRQGHFUHDVH
I,  0LFURPDFURLQWHUDFWLRQIXQFWLRQIRUVXFWLRQLQFUHDVH
I'RI'  0DWHULDOSDUDPHWHUVIRUI'
I,RI,  0DWHULDOSDUDPHWHUVIRUI,
J  *UDYLWDWLRQDODFFHOHUDWLRQ
N  $SDUDPHWHUZKLFK WDNHV LQWR DFFRXQW WKH LQFUHDVH LQ WHQVLOH VWUHQJWKZLWK
LQFUHDVLQJVXFWLRQ
NDYH  $YHUDJHVDWXUDWHGFRHIILFLHQWRISHUPHDELOLW\
NV  6DWXUDWHGFRHIILFLHQWRISHUPHDELOLW\ZLWKUHVSHFWWRZDWHUSKDVH
NVF  &RPSXWHGVDWXUDWHGFRHIILFLHQWRISHUPHDELOLW\ZLWKUHVSHFWWRZDWHUSKDVH
NUZ  5HODWLYHSHUPHDELOLW\IRUZHWWLQJIOXLG
NZ  8QVDWXUDWHGFRHIILFLHQWRISHUPHDELOLW\ZLWKUHVSHFWWRZDWHUSKDVH
.  ,QWULQVLFSHUPHDELOLW\
.P  &RHIILFLHQWRIYROXPHFKDQJHIRUWKHPLFURVWUXFWXUHRIDQH[SDQVLYHVRLO
.PLQ  0LQLPXPEXONPRGXOXVRIVRLO
.R  &RHIILFLHQWRIHDUWKSUHVVXUHDWUHVW
.W  &RHIILFLHQWRIYROXPHFKDQJHIRUWKHPDFURVWUXFWXUHRUVRLOVWUXFWXUHRIDQ
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H[SDQVLYHVRLOZLWKUHVSHFWWRFKDQJHVLQQHWPHDQVWUHVV
P  $ VRLO RU ILWWLQJ SDUDPHWHU XVHG LQ WKH YDQ*HQXFKWHQ DQG )UHGOXQG DQG
;LQJ6:&&HTXDWLRQ
P5+  6ORSHLQWKHUHFWDQJXODUK\SHUERODPHWKRGRIFRQVROLGDWLRQDQDO\VLV

VP   &RHIILFLHQWRIYROXPHFKDQJHRIWKHVRLOVWUXFWXUHZLWKUHVSHFWWRFKDQJHVLQ
QHWPHDQVWUHVV

VP   &RHIILFLHQWRIYROXPHFKDQJHRIWKHVRLOVWUXFWXUHZLWKUHVSHFWWRFKDQJHVLQ
VXFWLRQ

V
RHGP   &RHIILFLHQWRIYROXPHFKDQJHRIWKHVRLOVWUXFWXUHZLWKUHVSHFWWRFKDQJHVLQ
QHWPHDQVWUHVVIRU.RFRQGLWLRQV

V
RHGP   &RHIILFLHQWRIYROXPHFKDQJHRIWKHVRLOVWUXFWXUHZLWKUHVSHFWWRFKDQJHVLQ
VXFWLRQIRU.RFRQGLWLRQV

ZP   &RHIILFLHQWRIYROXPHFKDQJHRIWKHZDWHUSKDVHZLWKUHVSHFWWRFKDQJHVLQ
QHWPHDQVWUHVV

ZP   &RHIILFLHQWRIYROXPHFKDQJHRIWKHZDWHUSKDVHZLWKUHVSHFWWRFKDQJHVLQ
VXFWLRQ

Z
RHGP   &RHIILFLHQWRIYROXPHFKDQJHRIWKHZDWHUSKDVHZLWKUHVSHFWWRFKDQJHVLQ
QHWPHDQVWUHVVIRU.RFRQGLWLRQV

Z
RHGP   &RHIILFLHQWRIYROXPHFKDQJHRIWKHZDWHUSKDVHZLWKUHVSHFWWRFKDQJHVLQ
VXFWLRQIRU.RFRQGLWLRQV
0  &ULWLFDOVWDWHOLQHSDUDPHWHU
0Z  0ROHFXODUZHLJKWRIZDWHU
Q  $ VRLO RU ILWWLQJ SDUDPHWHU XVHG LQ WKH YDQ*HQXFKWHQ DQG )UHGOXQG DQG
;LQJ6:&&HTXDWLRQ
Q'  $PDWHULDOSDUDPHWHUIRUI'
Q,  $PDWHULDOSDUDPHWHUIRUI,
Q0  6RLOPDFURSRURVLW\
Q7  6RLOWRWDOSRURVLW\
QZD  $GVRUSWLYHZDWHUILOOHGSRURVLW\
1  $YHUDJHQXPEHURIFOD\SDUWLFOHVSHUFOD\FOXVWHU
1S  6ORSHRIWKHYRLGUDWLRYHUVXVQHWPHDQVWUHVVFXUYHLQORJDULWKPLFVFDOH
1V  6ORSHRIWKHYRLGUDWLRYHUVXVVXFWLRQFXUYHLQORJDULWKPLFVFDOH
S  1HWPHDQVWUHVV
SF  5HIHUHQFHQHWPHDQVWUHVVLHDOVRFDOOHGSUHI
3LQW  0HUFXU\LQWUXVLRQSUHVVXUH
SR  <LHOGVWUHVVRUDSSDUHQWSUHFRQVROLGDWLRQSUHVVXUH

RS   6DWXUDWHG\LHOGVWUHVVRUVDWXUDWHGSUHFRQVROLGDWLRQSUHVVXUH
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ÖS   0LFURVWUXFWXUDOHIIHFWLYHVWUHVV
3  3UHVVXUH
3V  6ZHOOLQJSUHVVXUH
3VPD[  0D[LPXPVZHOOLQJSUHVVXUH
T  5DWHRIZDWHUWUDQVIHU
TPHDVXUHG  0HDVXUHGIORZUDWHRIZDWHU
T.&  (VWLPDWHGIORZUDWHRIZDWHUEDVHGRQ.R]HQ\&DUPDQPRGHO
U  $ILWWLQJSDUDPHWHUGHVFULELQJFKDQJHVLQOZLWKVXFWLRQ
U  &RHIILFLHQWRIGHWHUPLQDWLRQ
5  5HSXOVLYHIRUFHV
5FRUUHFWHG  &RUUHFWHGSV\FKURPHWHUUHDGLQJ
5J  8QLYHUVDOJDVFRQVWDQW
5SV\  8QFRUUHFWHGSV\FKURPHWHUUHDGLQJ
5+  5HODWLYHKXPLGLW\
V  6XFWLRQ
VE  $LUHQWU\YDOXH
VF  5HIHUHQFHVXFWLRQ
VFDS  $FDSLOODU\FRPSRQHQWRIVXFWLRQ
VP  0DWULFVXFWLRQ
VU  6XFWLRQFRUUHVSRQGLQJWR WKHUHVLGXDOYROXPHWULFZDWHUFRQWHQWRUUHVLGXDO
GHJUHHRIVDWXUDWLRQ
VW  7RWDOVXFWLRQ
6H  (IIHFWLYHGHJUHHRIVDWXUDWLRQ
6((  6WDQGDUGHUURURIHVWLPDWH
6U  'HJUHHRIVDWXUDWLRQ
6UD  $QDGVRUSWLYHFRPSRQHQWRIGHJUHHRIVDWXUDWLRQ
6UE  %HQWRQLWHGHJUHHRIVDWXUDWLRQ
6UF  $FDSLOODU\FRPSRQHQWRIGHJUHHRIVDWXUDWLRQ
6UHV  5HVLGXDOGHJUHHRIVDWXUDWLRQ
6R  6SHFLILFVXUIDFHDUHDRIVRLOSDUWLFOHV
W  (ODSVHGWLPH
WV  7HQVLOHVWUHQJWK
7  7HPSHUDWXUH
7+*  6XUIDFHWHQVLRQRIPHUFXU\
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7Z  6XUIDFHWHQVLRQRIZDWHU
XD  3RUHDLUSUHVVXUH
XI  /LTXLGSUHVVXUH
XY  3DUWLDOSUHVVXUHRISRUHZDWHUYDSRXU
XYR  6DWXUDWLRQSUHVVXUHRISRUHZDWHUYDSRXU
XZ  3RUHZDWHUSUHVVXUH
9D  9ROXPHRIDLUSKDVHLQDVRLOHOHPHQW
9R  ,QLWLDOWRWDOYROXPHRIDVRLOHOHPHQW
9S  6RLOSRUHYROXPH
9Y  9ROXPHRIYRLGLQDVRLOHOHPHQW
9Z  9ROXPHRIZDWHUSKDVHLQDVRLOHOHPHQW
Z  6RLOZDWHUFRQWHQW
ZE  %HQWRQLWHZDWHUFRQWHQW
ZIS  )LOWHUSDSHUZDWHUFRQWHQW
ZP  6RLOPL[WXUHZDWHUFRQWHQW
D  $QRQDVVRFLDWLYLW\SDUDPHWHU
DL  $SDUDPHWHUH[SUHVVLQJWKHFKDQJHLQNZLWKVXFWLRQ
DP  $PDWHULDOSDUDPHWHULQWKHHODVWLFPLFURVWUXFWXUDOYROXPHWULFVWUDLQYHUVXV
PLFURVWUXFWXUDOHIIHFWLYHVWUHVV
DS  5DWLRRIVZHOOLQJSUHVVXUHLQFUHPHQWWRVXFWLRQGHFUHPHQW
DVS  $SDUDPHWHUH[SUHVVLQJWKHFKDQJHLQNVZLWKQHWPHDQVWUHVV
DVV  $SDUDPHWHUH[SUHVVLQJWKHFKDQJHLQNVZLWKVXFWLRQ
E  $ILWWLQJSDUDPHWHUGHVFULELQJFKDQJHVLQOZLWKVXFWLRQ
EP  $PDWHULDOSDUDPHWHULQWKHHODVWLFPLFURVWUXFWXUDOYROXPHWULFVWUDLQYHUVXV
PLFURVWUXFWXUDOHIIHFWLYHVWUHVV
GE  $FRHIILFLHQWLQWKH%URRNVDQG&RUH\SHUPHDELOLW\IXQFWLRQ
GY  9HUWLFDOGHIRUPDWLRQ
'0Z  $EVRUEHGZDWHU
'0ZPD[  0D[LPXPDEVRUEHGZDWHU
HD  $[LDOVWUDLQ
HU  5DGLDOVWUDLQ
YH   9ROXPHWULFVWUDLQ
YHUWLFDOH   9HUWLFDOVWUDLQ
[[[L
/LVWRIV\PEROV

H
YPH   (ODVWLFPLFURVWUXFWXUDOYROXPHWULFVWUDLQ
S
Y0H   3ODVWLFYROXPHWULFVWUDLQRIWKHPDFURVWUXFWXUHRUVRLOVWUXFWXUH
YSH   9ROXPHWULFVWUDLQLQGXFHGE\FKDQJHVLQQHWPHDQVWUHVVIRUYLUJLQVWDWHVRI
WKHVRLO
YVH   9ROXPHWULFVWUDLQLQGXFHGE\FKDQJHVLQVXFWLRQIRUYLUJLQVWDWHVRIWKHVRLO
S
Y/&H   3ODVWLFYROXPHWULFVWUDLQLQGXFHGE\WKHDFWLYDWLRQRI/&\LHOGFXUYH
S
Y6,H   3ODVWLFYROXPHWULFVWUDLQLQGXFHGE\WKHDFWLYDWLRQRI6,\LHOGFXUYH
S
Y6'H   3ODVWLFYROXPHWULFVWUDLQLQGXFHGE\WKHDFWLYDWLRQRI6'\LHOGFXUYH
TV  6DWXUDWHGYROXPHWULFZDWHUFRQWHQW
TZ  9ROXPHWULFZDWHUFRQWHQW
4  1RUPDOLVHGRUHIIHFWLYHYROXPHWULFZDWHUFRQWHQW
N  &RPSUHVVLYHLQGH[IRUWKHPDFURVWUXFWXUHRUVRLOVWUXFWXUHZLWKUHVSHFWWR
FKDQJHVLQQHWPHDQVWUHVV
NR  6DWXUDWHGFRPSUHVVLYH LQGH[ IRU WKHPDFURVWUXFWXUH RU VRLO VWUXFWXUHZLWK
UHVSHFWWRFKDQJHVLQQHWPHDQVWUHVV
NP  &RPSUHVVLYHLQGH[IRUWKHPLFURVWUXFWXUHRIDQH[SDQVLYHVRLO
NV  &RPSUHVVLYHLQGH[IRUWKHPDFURVWUXFWXUHRUVRLOVWUXFWXUHZLWKUHVSHFWWR
FKDQJHVLQVXFWLRQ
NVR  &RPSUHVVLYHLQGH[IRUWKHPDFURVWUXFWXUHRUVRLOVWUXFWXUHZLWKUHVSHFWWR
FKDQJHVLQVXFWLRQDW]HURPHDQVWUHVVDQG]HURVXFWLRQ
O  6ORSHRIYLUJLQFRPSUHVVLRQOLQHZLWKUHVSHFWWRFKDQJHVLQQHWPHDQVWUHVV
OE  3RUHVL]HGLVWULEXWLRQLQGH[RIVRLOV
OV  6ORSHRIYLUJLQFRPSUHVVLRQOLQHZLWKUHVSHFWWRFKDQJHVLQVXFWLRQ
OR  6ORSH RI VDWXUDWHG YLUJLQ FRPSUHVVLRQ OLQH ZLWK UHVSHFW WR FKDQJHV LQ QHW
PHDQVWUHVV
PZ  $EVROXWHYLVFRVLW\RIZDWHU
S  2VPRWLFVXFWLRQ
U  $SDUDPHWHUZKLFK WDNHV LQWRDFFRXQW WKHGHFUHDVH LQ WHQVLOH VWUHQJWKZLWK
LQFUHDVLQJWHPSHUDWXUH
UG  6RLOGU\GHQVLW\
UGE  %HQWRQLWHGU\GHQVLW\
UZ  'HQVLW\RIZDWHU
V  7RWDOVWUHVV
V
  (IIHFWLYHVWUHVV
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V  µ7UXH¶HIIHFWLYHVWUHVV
VP  0HDQVWUHVV
VQHW  1HWVWUHVV
VY  7RWDOYHUWLFDOVWUHVVRUYHUWLFDOSUHVVXUH
VŒ  7RWDOVWUHVVSDUDOOHOWRWKHGLUHFWLRQRIFUDFNV
Vŏ  7RWDOVWUHVVSHUSHQGLFXODUWRWKHGLUHFWLRQRIFUDFNV
ȣ  3RLVVRQ¶VUDWLR
-  $GXPP\YDULDEOHLQWKH0XDOHPSHUPHDELOLW\IXQFWLRQIRUPXODWLRQ
ĳ+*  &RQWDFWDQJOHEHWZHHQPHUFXU\DQGWKHVRLOSRUHVXUIDFH
ĳZ  &RQWDFWDQJOHEHWZHHQZDWHUDQGWKHVRLOSRUHVXUIDFH
IE  $QDQJOHLQGLFDWLQJWKHLQFUHDVHLQVKHDUVWUHQJWKZLWKLQFUHDVLQJVXFWLRQ
I
  6DWXUDWHGHIIHFWLYHFRKHVLRQRIVRLO
Ȥ  %LVKRS¶VHIIHFWLYHVWUHVVSDUDPHWHU
 
[[[LLL
/LVWRIV\PEROV


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&KDSWHU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
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 %DFNJURXQG
1XFOHDU RU UDGLRDFWLYH ZDVWH GLVSRVDO LVVXHV KDYH JDLQHG D XQLYHUVDO DWWHQWLRQ
VLQFH PDQ\ QXFOHDU SRZHU SODQWV DURXQG WKH ZRUOG DUH DSSURDFKLQJ WKH HQG RI WKHLU
RSHUDWLRQDO VWDJH ,VVXHVSHUWDLQLQJ WR VXLWDELOLW\ RI VLWHV SODQQHG IRU WKH ILQDO GLVSRVDO
QDWXUDO DV ZHOO DV HQJLQHHUHG EDUULHUV XVHG FRQVWUXFWLRQ RSHUDWLRQ DQG ORQJWHUP
SHUIRUPDQFH SUHGLFWLRQ KDYH WULJJHUHG LQWHQVLYH UHVHDUFK VWXGLHV LQ WKLV ILHOG 6HYHUDO
JRYHUQPHQWDO DQG SULYDWH LQVWLWXWLRQV KDYH EHHQ HVWDEOLVKHG LQ PDQ\ FRXQWULHV WR GHDO
ZLWKDOOWKHVHDVSHFWV7KHLVVXHVIRUWKHWR[LFZDVWHGLVSRVDOSURJUDPPHEDVLFDOO\UHPDLQ
WKHVDPHVLQFHWKHYROXPHRIWKHVHZDVWHVDOVRLQFUHDVHVZLWKLQFUHDVLQJLQGXVWULDOLVDWLRQ
&ODVVLILFDWLRQ RI UDGLRDFWLYH DQG KD]DUGRXV ZDVWHV KDV EHHQ HVWDEOLVKHG 7KH
FODVVLILFDWLRQSURYLGHV D VWDQGDUGEDVHGRQFULWHULDZKLFKYDU\ IURPFRXQWU\ WR FRXQWU\
UHJDUGLQJ KRZ DQG LQ ZKLFK ZD\ WKH ZDVWH VKRXOG EH VWRUHG RU GLVSRVHG 6RPH
UDGLRDFWLYHZDVWHVDUHFODVVLILHGDVORZOHYHOZDVWHVRWKDWWKHVHZDVWHVFDQEHVWRUHGLQ
VHYHUDO QHDUVXUIDFH UHSRVLWRULHV 2Q WKH RWKHU KDQG WKH KLJKOHYHO UDGLRDFWLYH DQG
KD]DUGRXVZDVWHUHTXLUHVGHHSJHRORJLFDOUHSRVLWRULHVIRUWKHGLVSRVDO7KHUHLVDQHHGWR
HVWDEOLVKKLJKOHYHOUDGLRDFWLYHSURJUDPPHVWRHQVXUHUREXVWQHVVRI WKHGLVSRVDOV\VWHP
DGRSWHGDQGWRDVVHVVORQJWHUPVDIHW\RIWKHZKROHUHSRVLWRU\FRQVWUXFWLRQ,QWKHGHHS
JHRORJLFDOGLVSRVDOFRQFHSWWKHORQJWHUPSHUIRUPDQFHRIWKHUHSRVLWRU\LVLQIOXHQFHGE\
PDQ\ IDFWRUV LQFOXGLQJ FKDUDFWHULVWLFV RI KRVW URFNV ZKHUH WKH UHSRVLWRU\ LV VHDWHG
FKDUDFWHULVWLFVRIWKHVHDOLQJDQGEXIIHUHOHPHQWVXVHGTXDOLW\RIWKHFDQLVWHUVZKHUHWKH
ZDVWHLVVWRUHGDQGLQWHUDFWLRQVEHWZHHQDOORIWKHVHFRPSRQHQWVGXULQJFRQVWUXFWLRQDQG
PRVWLPSRUWDQWO\GXULQJUHSRVLWRU\OLIHWLPH
,QVRPHFRQFHSWVWKHHQJLQHHUHGEDUULHUVLHWKHVHDOLQJDQGEXIIHUHOHPHQWVRI
WKHUHSRVLWRU\DUHH[SHFWHGWRSOD\DUROHLQUHWDUGLQJDQ\SRVVLEOHIORZRIVXEVWDQFHVLQ
WKHEHJLQQLQJRIRSHUDWLRQRIWKHUHSRVLWRU\$IWHUWKDWWKHQDWXUDOEDUULHUVLHWKHKRVW
URFNVZLOO WDNHRYHU WKHUROH7KHUHIRUH LW LV LPSRUWDQW WR LQYHVWLJDWH WKHPDWHULDOV WKDW
KDYHEHHQSURSRVHGWREHXVHGDVVHDOLQJDQGEXIIHUHOHPHQWVIRUWKHUHSRVLWRU\EHVLGHWKH
VWXGLHV SHUIRUPHG RQ WKH KRVW URFN VLWH FKDUDFWHULVDWLRQ ,Q WKH ILHOG WKH VHDOLQJ DQG
EXIIHU PDWHULDOV ZLOO XQGHUJR FRPSOH[ DQG FRXSOHG WKHUPRK\GURFKHPRPHFKDQLFDO
SURFHVVHV,QWHUDFWLRQVEHWZHHQWKHKRVWURFNVVHDOLQJDQGEXIIHUHOHPHQWVDQGSUREDEO\
ZLWKVRPHVXEVWDQFHVIURPWKHZDVWHZLOODOVRWDNHSODFH

&KDSWHU,QWURGXFWLRQ

,Q *HUPDQ\ EHQWRQLWHEDVHG PDWHULDOV LQFOXGLQJ EHQWRQLWHVDQG PL[WXUHV KDYH
EHHQ SURSRVHG WR EH XVHG DV VHDOLQJ DQG EXIIHU HOHPHQWV IRU WKH KLJKO\ WR[LF ZDVWH
LQFOXGLQJ QXFOHDU ZDVWH UHSRVLWRU\ LQ WKH FRXQWU\ 5HVHDUFK VWXGLHV RQ WKH
FKDUDFWHULVDWLRQRIWKHPDWHULDOVDUHXQGHUZD\LQVHYHUDOUHVHDUFKLQVWLWXWLRQVDVZHOODVLQ
VHYHUDO XQLYHUVLWLHV 7KH FKDUDFWHULVDWLRQ LQFOXGHV FKDUDFWHULVDWLRQ ZLWK UHVSHFW WR
JHRWHFKQLFDO JHRORJLFDO K\GUDXOLF FKHPLFDO SK\VLFRFKHPLFDO DQG WKHUPDO DVSHFWV RI
WKH PDWHULDO 7KH ZRUN SUHVHQWHG LQ WKLV GRFWRUDO GLVVHUWDWLRQ LV D SDUW RI WKH
FKDUDFWHULVDWLRQZKLFKPDLQO\IRFXVVHGRQWKHK\GURPHFKDQLFDODVSHFWVRIWKHEHQWRQLWH
EDVHGPDWHULDOVIURPWKHJHRWHFKQLFDOHQJLQHHULQJSRLQWRIYLHZ7KHH[SHULPHQWDOZRUN
FDUULHGRXWLQWKLVVWXG\ZDVILQDQFLDOO\VXSSRUWHGE\%XQGHVPLQLVWULXPIU%LOGXQJXQG
)RUVFKXQJ%0%)RUWKH)HGHUDO0LQLVWU\IRU(GXFDWLRQDQG5HVHDUFKWKURXJKDSURMHFW
JUDQW1R&
 2EMHFWLYHVDQG6FRSHV
 7KHJHQHUDOREMHFWLYHRIWKHVWXG\LVWRLQYHVWLJDWHWKHK\GURPHFKDQLFDOEHKDYLRXU
RI EHQWRQLWHVDQG PL[WXUHV UHJDUGLQJ WKH XVH RI WKHVH PDWHULDOV DV VHDOLQJ DQG EXIIHU
HOHPHQWVIRUWKHILQDOKLJKO\WR[LFZDVWHLQFOXGLQJQXFOHDUZDVWHUHSRVLWRU\LQ*HUPDQ\
7KHVWXG\KDVDSULPDU\IRFXVRQWKHH[SHULPHQWDOFKDUDFWHULVDWLRQRIWKHPDWHULDOV7KH
FKDUDFWHULVDWLRQ IRFXVVHG RQPL[WXUHV RI D FDOFLXPW\SH EHQWRQLWH QDPHG &DOFLJHO RU
0RQWLJHOHDUOLHUDQGTXDUW]VDQG7KHGHWDLOHGVFRSHVRIWKHLQYHVWLJDWLRQDUHDVIROORZV
x 'HWHUPLQDWLRQ RI WKH EDVLF DQG SK\VLFRFKHPLFDO SURSHUWLHV RI WKH EHQWRQLWH DQG
VDQG XVHG $OWKRXJK WKHVH SURSHUWLHV DUH QRW XVHG GLUHFWO\ LQ WKH DQDO\VLV RI
H[SHULPHQWDOUHVXOWVWKHUHVXOWVSURYLGHEDVLFLQIRUPDWLRQWKDWFDQEHXVHGIRURWKHU
SXUSRVHV
x 0LFURVWUXFWXUH DQG IDEULF VWXGLHV RI WKHPDWHULDOV 7KH UHVXOWV JDLQHG IURP WKHVH
VWXGLHV SURYLGH LQIRUPDWLRQ RQ KRZ WKH PDWHULDOV EHKDYH LQ UHVSRQVH WR K\GUR
PHFKDQLFDOSURFHVVHV
x 0HDVXUHPHQWV RI VXFWLRQ RI EHQWRQLWHVDQG PL[WXUHV 6XFWLRQ LV D VWUHVV VWDWH
YDULDEOH RI XQVDWXUDWHG VRLOV 6LQFH WKH EHQWRQLWHVDQG PL[WXUHV XVHG LQ WKH
UHSRVLWRU\DUHLQLWLDOO\XQVDWXUDWHGVXFWLRQLVSUHVHQW
x &KDUDFWHULVDWLRQRIWKHK\GURPHFKDQLFDOSURSHUWLHVRIWKHPDWHULDOVE\FRQVLGHULQJ
VHYHUDOSRVVLEOHPHFKDQLVPVWKDWRFFXULQWKHILHOG
x 'HULYDWLRQRIVHYHUDOSDUDPHWHUV WKDWFDQEHXVHG LQ WKHFRQVWLWXWLYHPRGHOOLQJRI
WKHPDWHULDOV,WPXVWEHQRWHGWKDWDOWKRXJKVRPHH[SHULPHQWVSHUIRUPHGPLJKWQRW
UHSUHVHQW WKHUHDO ILHOGSURFHVVHV WKHGDWDREWDLQHGDUHXVHIXO LQ WKHGHULYDWLRQRI
PRGHOOLQJSDUDPHWHUV

&KDSWHU,QWURGXFWLRQ

x 7KH FKHPLFDO DQG WHPSHUDWXUH DVSHFWV DUH QRW IRFXVHV RI WKH FXUUHQW VWXG\
+RZHYHU WKH H[SHULPHQWDO UHVXOWV SUHVHQWHG LQ WKLV GLVVHUWDWLRQ FDQ EH XVHG LQ
FRQMXQFWLRQZLWKWKHGDWDZLWKUHVSHFWWRWKHFKHPLFDODQGWHPSHUDWXUHHIIHFWVWKDW
PD\EHREWDLQHGLQWKHIXWXUH
 2UJDQLVDWLRQRIWKH'LVVHUWDWLRQ
 7KH GLVVHUWDWLRQ LV FRPSRVHG E\ WZHOYH FKDSWHUV 7KH ILUVW FKDSWHU LH WKLV
FKDSWHU RXWOLQHV WKH EDFNJURXQG REMHFWLYHV DQG VFRSHV RI WKH VWXG\ DQG WKH
RUJDQLVDWLRQ RI WKH GLVVHUWDWLRQ 7KH VHFRQG FKDSWHU SUHVHQWV OLWHUDWXUH UHYLHZ RQ
UDGLRDFWLYHDQGKLJKO\WR[LFZDVWHGLVSRVDOIDFLOLWLHVLQ*HUPDQ\DQGRWKHUFRXQWULHV,Q
WKHWKLUGFKDSWHUWKHRULHVUHOHYDQWWRWKHK\GURPHFKDQLFDOEHKDYLRXURIWKHPDWHULDOVDUH
GHVFULEHG7KHVH LQFOXGHSK\VLFRFKHPLFDO FKDUDFWHULVWLFV VWUXFWXUH IDEULFPLQHUDORJ\
FOD\ZDWHU LQWHUDFWLRQV DQG VZHOOLQJ DQG FROODSVH PHFKDQLVPV 7KH IRXUWK FKDSWHU
SUHVHQWVFRQVWLWXWLYHPRGHOV WKDWFDQEHXVHGWRPRGHO WKHEHKDYLRXURIH[SDQVLYHVRLOV
LQFOXGLQJ WKHFRPSDFWHGEHQWRQLWHVDQGPL[WXUHV6HYHUDOK\GUDXOLFPRGHOVZKLFKDUH
SHUWLQHQWWRWKHVWXG\DUHDOVRSUHVHQWHGDQGGLVFXVVHG
 ,QWKHILIWKFKDSWHUDOLWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVWKDWDUHUHOHYDQW
WR WKH VWXG\ LV SUHVHQWHG %DVHG RQ WKLV WKH H[SHULPHQWV ZHUH FDUULHG RXW 7KH VL[WK
FKDSWHU GHVFULEHV WKH EDVLF DQG SK\VLFRFKHPLFDO SURSHUWLHV RI WKH PDWHULDOV 7KH
SUHSDUDWLRQRIVSHFLPHQVXVHGDQGWKHH[SHULPHQWVSHUIRUPHGLQWKLVVWXG\DUHGHVFULEHG
7KHFKDSWHUDOVRSUHVHQWVWKHPLFURVWUXFWXUHDQGIDEULFVWXGLHVSHUIRUPHGRQWKHPDWHULDO
DQGGLVFXVVHVWKHUHVXOWV,QWKHVHYHQWKFKDSWHUH[SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV
DGRSWHGDUHHODERUDWHG7KHH[SHULPHQWDOUHVXOWVDUHSUHVHQWHGDQGGLVFXVVHGLQ&KDSWHU
WR&KDSWHU 6HYHUDO SDUDPHWHUV WKDW FDQEHXVHG LQ WKHPRGHOOLQJ DUHGHULYHG LQ WKH
HOHYHQWK FKDSWHU 7KH WZHOIWK FKDSWHU SUHVHQWV FRQFOXVLRQV GUDZQ EDVHG RQ WKH UHVXOWV
IURPWKLVVWXG\DQGVXJJHVWLRQVIRUIXWXUHUHVHDUFKVWXGLHV

&KDSWHU,QWURGXFWLRQ



&KDSWHU5DGLRDFWLYHDQGWR[LFZDVWHGLVSRVDOIDFLOLWLHVLQ*HUPDQ\DQGRWKHUFRXQWULHV

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 *HQHUDO
5DGLRDFWLYHZDVWHFRYHUDOOQRQ UHXVDEOHPDWHULDOV FRQWDLQLQJ UDGLRQXFOLGHVZLWK
FRQFHQWUDWLRQV KLJKHU WKDQ WKRVH WKDW KDYH EHHQ UHJXODWHG E\ WKH DXWKRULWLHV EDVHG RQ
HQYLURQPHQWDO FRQVLGHUDWLRQV 7KH UDGLRDFWLYH ZDVWH LV PDLQO\ GLYLGHG LQWR WZR
FDWHJRULHV QDPHO\ ORZ DQG LQWHUPHGLDWH OHYHO ZDVWH /,/: DQG KLJK OHYHO ZDVWH
+/: 7KH FODVVLILFDWLRQ RI WKH WZR FDWHJRULHV PD\ YDU\ IURP FRXQWU\ WR FRXQWU\
GHSHQGLQJRQWKHORFDOUHJXODWLRQVEXWJHQHUDOFODVVLILFDWLRQVFDQEHPDGHEDVHGRQDOSKD
DQGEHWDJDPPDFRQFHQWUDWLRQV,$($
7KH//:LVGHILQHGDVUDGLRDFWLYHZDVWHFRQWDLQLQJORZEHWDJDPPDFRQWDPLQDWHG
PDWHULDO ZLWK D SRVVLEOH ORQJOLYHG DOSKD FRQWDPLQDWLRQ ,Q WKH DEVHQFH RI DOSKD
FRQWDPLQDWHGPDWHULDOQRVSHFLDOWUHDWPHQWLVUHTXLUHGIRUWKLVOHYHORIZDVWH7KH,/:LV
D UDGLRDFWLYH ZDVWH ZLWK KLJKHU FRQFHQWUDWLRQV RI EHWDJDPPD DQG VRPHWLPHV
DFFRPSDQLHGE\DOSKDHPLWWHUV7KLVOHYHORIZDVWHFRPPRQO\SURGXFHVKHDWDQGUHTXLUHV
UHPRWHWUHDWPHQW7KH+/:LVFRQVLGHUHGDVDORQJOLYHGZDVWHFDWHJRU\DQGSRVVHVVHV
KLJK FRQFHQWUDWLRQV RI EHWDJDPPD DQG DOSKD HPLWWHUV'XH WR LWV KLJK UDGLDWLRQ OHYHO
LVRODWHG WUHDWPHQW LV FRPSXOVRU\ 6LJQLILFDQW LQFUHDVH LQ WHPSHUDWXUH PD\ RFFXU DV D
UHVXOWRIWKHUDGLRDFWLYLW\
,Q*HUPDQ\WKHFODVVLILFDWLRQRIUDGLRDFWLYHZDVWHLVQRWEDVHGRQWKHGRVHUDWHDV
LQ WKH ,$($ FODVVLILFDWLRQ V\VWHP 7KHZDVWH LV UDWKHU JURXSHG SULPDULO\ EDVHG RQ WKH
UDGLRDFWLYH LQYHQWRU\ DQG WKH KHDW SURGXFHGE\ UDGLRDFWLYH GHFD\ (QYLURV 7KH
UDGLRDFWLYHZDVWHLVGLYLGHGLQWRWZRFDWHJRULHVQDPHO\QHJOLJLEOHKHDWGHYHORSLQJZDVWH
ZLWK ORZ OHYHO UDGLRDFWLYH FRQWHQWV DQG KHDW GHYHORSLQJ ZDVWH ZLWK KLJK UDGLRDFWLYH
FRQWHQWV 2Q WKH RWKHU KDQG WKH (XURSHDQ 8QLRQ (8 KDV SUHSDUHG D FODVVLILFDWLRQ
V\VWHPIRUVROLGUDGLRDFWLYHZDVWHZKLFKZLOOVLPSOLI\LQIRUPDWLRQH[FKDQJHEHWZHHQLWV
PHPEHUVWDWHV,QWKH(8FODVVLILFDWLRQV\VWHPVROLGUDGLRDFWLYHZDVWHLVFODVVLILHGLQWR
WKUHH FODVVHV QDPHO\ WUDQVLWLRQ UDGLRDFWLYH ZDVWH ORZ DQG LQWHUPHGLDWHOHYHO ZDVWH
/,/:DQGKLJKOHYHOZDVWH+/:
 %\GHILQLWLRQ WR[LFZDVWH LQFOXGHV WKH UDGLRDFWLYHZDVWHEXWZLWK DPRUHJHQHUDO
PHDQLQJ7KHWR[LFRUKD]DUGRXVZDVWHFRPSULVHDOOZDVWHUHVXOWLQJIURPDQ\SURFHVVHV

&KDSWHU5DGLRDFWLYHDQGWR[LFZDVWHGLVSRVDOIDFLOLWLHVLQ*HUPDQ\DQGRWKHUFRXQWULHV

VXFKDVFKHPLFDOSURFHVVHVSK\VLFDOSURFHVVHVHWFWKDWVKRXOGEHWUHDWHGDQGVWRUHGZLWK
FDUH
 6WRUDJHDQG'LVSRVDORI1XFOHDU5DGLRDFWLYHDQG7R[LF:DVWH
7KHQXFOHDUUDGLRDFWLYHDQG WR[LFZDVWHDUHGLVSRVHGE\ LQVXODWLQJ WKHPVXFK WKDW
GXULQJWKHDFWLYHOLIHWLPHRIWKHUDGLRDFWLYHZDVWHRUGXULQJWKHKD]DUGRXVSHULRGRIWKH
WR[LFZDVWHWKHELRVSKHUHLQWKHYLFLQLW\RIWKHZDVWHE\DQ\SRVVLEOHZD\VZLOOQRWEH
SROOXWHG YLUWXDOO\ WR D OLPLW DERYH ZKLFK WKH HIIHFWV FDQQRW EH WROHUDWHG E\ WKH
HQYLURQPHQW7KHFRPPRQO\DGRSWHGV\VWHPVLQFOXGHVXUIDFHGLVSRVDOIDFLOLWLHVDQGGHHS
UHSRVLWRULHV
 7KH VXUIDFH GLVSRVDO IDFLOLWLHV FRPSULVH ODQGILOOV ZKHUH KD]DUGRXV XVXDOO\ QRQ
UDGLRDFWLYH ZDVWH LV VWRUHG LQ EXON RU FRQWDLQHULVHG IRUPV DQG GLVSRVHG LQ H[FDYDWHG
WUHQFKHV RU FRPSDUWPHQWV 7KH GHHS JHRORJLFDO UHSRVLWRULHV QRUPDOO\ ORFDWHG DW 
 P GHHS DUH JHQHUDOO\ XVHG IRU VWRUDJH RI UDGLRDFWLYH ZDVWH HVSHFLDOO\ WKRVH
FDWHJRULVHGDV,/:DQG+/:7KHGHHSJHRORJLFDOVWRUDJHV\VWHPVDUHFKRVHQEDVHGRQ
FRQVLGHUDWLRQVWKDWWKHORFDWLRQVPXVWEHVWDEOHHQRXJKDJDLQVWDQ\QDWXUDOGLVDVWHUVDQG
KXPDQLQWUXVLRQV$OOqJUH$QLGHDO+/:UHSRVLWRU\VKRXOGEHORFDWHGLQDTXLWH
µLPSHUPHDEOH¶IRUPDWLRQZLWKUHVSHFWWRZDWHUE\WDNLQJDFFRXQWWKDWVROXEOHUDGLRDFWLYH
HOHPHQWVFDQPRYHHDVLO\ZLWKZDWHULWVHOIDQGFDQEHVWURQJO\DEVRUEHGE\WKHIRUPDWLRQ
)RUWKHVHUHDVRQV LWKDVEHHQIRXQGWKDWJHRORJLFDOIRUPDWLRQVZLWKVHGLPHQWDU\VDOWRU
FOD\OD\HUVDUHWKHPRVWVXLWDEOHKRVWVIRUWKHUHSRVLWRU\V\VWHP7KHV\VWHPLVQRUPDOO\
FRPSULVHG RI JDOOHULHV WKDW FDQ EH RSHQHG RU FRPSOHWHO\ FORVHG )RU WKH +/: WKH
GLVSRVDOV\VWHPDGRSWHGQRZDGD\VDOORZVDFFHVVWRWKHJDOOHULHVIRUDFHUWDLQWLPHEHIRUH
WKHILQDOFORVXUH
 5DGLRDFWLYH:DVWH'LVSRVDO&RQFHSWVLQ$PHULFD$VLD3DFLILFDQG(XURSH
 &RQFHUQVDERXW UDGLRDFWLYHZDVWHKDYHJURZQXS LQ86$ VLQFH WKHFRXQWU\KDV
EHHQJHQHUDWLQJYDULRXVW\SHVRIHTXLSPHQWIRUPLOLWDU\SXUSRVHV6LQFHXQGHUWKH
1XFOHDU:DVWH 3ROLF\ $FW 1:3$ WKH 86 'HSDUWPHQW RI (QHUJ\ '2( KDV EHHQ
UHVSRQVLEOHLQVWRULQJDQGGLVSRVLQJWKHQXFOHDUZDVWHHVSHFLDOO\WKRVHJURXSHGDV+/:
WKURXJK LWV2IILFHRI&LYLOLDQ1XFOHDU:DVWH0DQDJHPHQW 2&5:0 (QYLURV 
7KH 1XFOHDU 5HJXODWRU\ &RPPLVVLRQ 15& DQ LQGHSHQGHQW DJHQF\ ZKLFK ZDV
HVWDEOLVKHGLQKDVEHHQUHVSRQVLEOHIRUUHJXODWLQJFLYLOLDQXVHRIQXFOHDUPDWHULDOV
$IWHU SUHOLPLQDU\ VWXGLHVZHUHSHUIRUPHGRQ VHYHUDO SURSRVHG VLWHV IRU WKHGLVSRVDO LQ
 WKH86JRYHUQPHQWHYHQWXDOO\GHFLGHG WRFKRRVH<XFFD0RXQWDLQ LQ WKH VWDWHRI
1HYDGD DV WKH ILQDO ORFDWLRQ IRU WKH VSHQW QXFOHDU IXHO DQG+/:GLVSRVDO 6LQFH WKHQ
UHVHDUFK VWXGLHV KDYH EHHQ FDUULHG RXW DQG DLPHG DW LQYHVWLJDWLQJ DVSHFWV UHODWHG WR
VXLWDELOLW\RIWKHVLWH7KHFRQFHSWXDOGHVLJQRIWKHSURMHFWLVVKRZQLQ)LJXUH'2(
7KHLQVWDOODWLRQLVORFDWHGLQDYROFDQLFWXIIURFNDWDGHSWKRIPDQGIDUDERYH

&KDSWHU5DGLRDFWLYHDQGWR[LFZDVWHGLVSRVDOIDFLOLWLHVLQ*HUPDQ\DQGRWKHUFRXQWULHV

WKHJURXQGZDWHU WDEOH7KH UHSRVLWRU\ FRQVLVWV RI FRQFUHWHOLQHGJDOOHULHV LQVLGHZKLFK
WKHSURWHFWHGFDQLVWHUVDUHSODFHG7KHGLVSRVDO LVSODQQHGWREHJLQDIWHU,Q
WKH:DVWH,VRODWLRQ3LORW3ODQW:,33WKHZRUOG¶VILUVWXQGHUJURXQGGLVSRVDOOLFHQVHGWR
EHDSHUPDQHQWDQGVDIHUHSRVLWRU\IRU86QXFOHDUZDVWHEHJDQRSHUDWLRQV7KHSURMHFW
LVORFDWHGLQDGHVVHUWRI6RXWKHDVWHUQ1HZ0H[LFRVHDWHGLQDWKLFNVDOWIRUPDWLRQDWD
GHSWKRIDERXWP

)LJXUH7KHFRQFHSWXDOGHVLJQRIWKH<XFFD0RXQWDLQIDFLOLW\'2(
 ,Q &DQDGD WKH $WRPLF (QHUJ\ RI &DQDGD /LPLWHG $(&/ KDV EHHQ JLYHQ
UHVSRQVLELOLW\IRUUHVHDUFKDQGGHYHORSPHQWRI+/:GHHSXQGHUJURXQGGLVSRVDOIDFLOLWLHV
(QYLURV7KHSODQQHGUHSRVLWRU\IRUQXFOHDUZDVWHGLVSRVDOLQ&DQDGDLVH[SHFWHG
WREHVHDWHG LQ LQWUXVLYH LJQHRXVURFNRI WKH&DQDGLDQ6KLHOGDWDGHSWKRIP
$(&/7KHVLWH LV WHFWRQLFDOO\ LQDFWLYHDQG LV ORFDWHG LQ2QWDULR$QHWZRUNRI
KRUL]RQWDO WXQQHOV DQG GLVSRVDO URRPVZRXOG EH EXLOW WR HQFORVHZDVWH FRQWDLQHUV 7KH
QHWZRUNZRXOG VXEVHTXHQWO\ EH ILOOHG DQG VHDOHGZLWK EXIIHU DQG EDFNILOOPDWHULDOV$
PL[WXUHRIEHQWRQLWHDQGVLOLFDVDQGDWD UDWLRRIZRXOGEHXVHGDVEXIIHU IRU WKH
GLVSRVDOZKHUHDVDPL[RIJODFLDOURFNFOD\DQGFUXVKHGJUDQLWHDJJUHJDWHWRJHWKHUZLWK
HQJLQHHUHGEDUULHUVZRXOGSURYLGHVHDOLQJRIWKHUHVWRIWKHYDXOW
 7KH GHHS JHRORJLFDO GLVSRVDO FRQFHSW LQ -DSDQ KDV EHHQ HVWDEOLVKHG EDVHG RQ DQ
DGGLWLRQDOVHLVPLFFRQVLGHUDWLRQVLQFHWKHFRXQWU\LVORFDWHGLQDWHFWRQLFDOO\DFWLYH]RQH
$PXOWLEDUULHU V\VWHP )LJXUH  KDV EHHQ GHVLJQHG WR VLW LQ FU\VWDOOLQH URFN RU SUH
QHXJHQHKDUGURFNVORFDWHGDWDGHSWKRIPDQGLQVRIWURFNRIQHXJHQHVHGLPHQWV
DWDGHSWKRIP-1&D7KHJDOOHULHVPDNHLWSRVVLEOHIRUWKHFDQLVWHUVWREH
SODFHGYHUWLFDOO\DQGKRUL]RQWDOO\$FRPSDFWHGPL[WXUHRIEHQWRQLWHDQGVLOLFDVDQGLQD
SURSRUWLRQRIZLWKGU\GHQVLW\RI0JPKDVEHHQVHOHFWHGDVEXIIHUPDWHULDOIRU

&KDSWHU5DGLRDFWLYHDQGWR[LFZDVWHGLVSRVDOIDFLOLWLHVLQ*HUPDQ\DQGRWKHUFRXQWULHV

WKHUHSRVLWRU\7KHGHHSJHRORJLFDOGLVSRVDOFRQVWUXFWLRQ ORFDWHGDW WKH7RNDLSURWRW\SH
QXFOHDUSRZHUSODQWLVQRZLQSURJUHVVDQGZRXOGEHUHDG\IRURSHUDWLRQLQVHYHUDO\HDUV

)LJXUH-DSDQ¶VPXOWLEDUULHUFRQFHSW-1&D
,Q $XVWUDOLD WKHUH DUH RQO\ ORZOHYHO DQG LQWHUPHGLDWHOHYHO UDGLRDFWLYH ZDVWH
//:DQG,/:7KH//:DQGVRPH,/:ZLWKVKRUWOLYHGPDWHULDOVDUHVWRUHGLQVHYHUDO
QHDUVXUIDFHUHSRVLWRULHVZKHUHDVWKHORQJOLYHG,/:DUHGLVSRVHGLQRWKHUDERYHJURXQG
EXLOW IDFLOLWLHV7KH ORQJOLYHG ,/:DUHPXFK OHVV LQYROXPHDVFRPSDUHG WR WKH//:
6LQFHWKHLVVXHVRIFLYLOUDGLDWLRQSURWHFWLRQLQ$XVWUDOLDKDYHEHHQXQGHUWDNHQE\
WKH$XVWUDOLDQ5DGLDWLRQ3URWHFWLRQ DQG1XFOHDU6DIHW\$JHQF\ $53$16$ (QYLURV
 $W WKH PRPHQW D QHDUVXUIDFH GLVSRVDO VLWH DW WKH0W:DOWRQ (DVW ,QWUDFWDEOH
:DVWH'LVSRVDO)DFLOLW\IRU//:LVLQRSHUDWLRQ,QVHYHUDOVLWHVZHUHVKRUWOLVWHG
DVDFDQGLGDWHIRUWKH//:DQG,/:UHSRVLWRU\DQGDQHQYLURQPHQWDOLPSDFWVWDWHPHQW
(,6 UHODWHG WR WKH UHSRVLWRULHV ZDV DOVR VXEPLWWHG WR WKH JRYHUQPHQW ZKLFK ZDV
VXEVHTXHQWO\DSSURYHGLQ+RZHYHUWKHJRYHUQPHQWILQDOO\FDQFHOOHGWKHDSSURYDO
RIWKHVLWHVGXHWRUHJXODWRU\LVVXHVLQ
,Q (XURSH VHYHUDO FRXQWULHV DPRQJ WKHP DUH %HOJLXP )LQODQG )UDQFH 6SDLQ
6ZHGHQ 6ZLW]HUODQG 8QLWHG .LQJGRP DQG *HUPDQ\ KDYH LQLWLDWHG HVWDEOLVKPHQW RI
QXFOHDU ZDVWH UHSRVLWRULHV 6XUIDFH RU QHDUVXUIDFH GLVSRVDO FRQFHSWV )LJXUH  DUH
PHDQWIRUWKH/,/:ZKHUHDVGHHSJHRORJLFDOUHSRVLWRU\)LJXUHLVGHVLJQHGWRVWRUH
WKH ORQJOLYHG UDGLRDFWLYH PDWHULDOV IRU VHYHUDO WKRXVDQGV RI \HDUV 21'5$)1,5$6

&KDSWHU5DGLRDFWLYHDQGWR[LFZDVWHGLVSRVDOIDFLOLWLHVLQ*HUPDQ\DQGRWKHUFRXQWULHV

 $OWKRXJK WKH FODVVLILFDWLRQ RI UDGLRDFWLYH ZDVWH KDV EHHQ VWDQGDUGLVHG LQ WKH
(XURSHDQ 8QLRQ FRQFHSWV XSRQ ZKLFK UHSRVLWRULHV DUH GHVLJQHG YDU\ EHWZHHQ WKH
PHPEHU FRXQWULHV $FFRUGLQJO\ HDFK PHPEHU FRXQWU\ KDV LWV RZQ DJHQFLHV DQG
DXWKRULWLHVGHDOLQJZLWKWKHVHLVVXHV
 ,Q %HOJLXP WKH %HOJLDQ $JHQF\ IRU 5DGLRDFWLYH :DVWH DQG )LVVLOH 0DWHULDOV
21'5$)1,5$6ZDVHVWDEOLVKHGLQWRPDQDJHDPXOWL\HDUQDWLRQDOSURJUDPRI
WKH ORQJWHUP ZDVWH GLVSRVDO PDQDJHPHQW (QYLURV  7KH PXOWLEDUULHU FRQFHSW
DGRSWHGLQ%HOJLXPUHOLHVRQWKHFDSDELOLW\RI%RRPFOD\IRUPDWLRQWRUHWDUGDQ\IORZVRI
VXEVWDQFHVLQWRDQGIURPWKHVWRUHGZDVWH7KHHQJLQHHUHGEDUULHUSURYLGHGLVH[SHFWHGWR
SHUIRUPXSWRDIHZWKRXVDQG\HDUVDIWHUZKLFKWKHQDWXUDOEDUULHUZLOOSURYLGHDPDMRU
UROH 21'5$)1,5$6 7KH WHPSRUDU\ ODQGEXULDO IDFLOLWLHV IRU ,/:DQG//:
KDYHEHHQSODQQHGWREHORFDWHGLQD%RRPFOD\IRUPDWLRQDW0RO'HVVHOLHFDOOHGDV
WKH &,/9$ IDFLOLW\ XQWLO D VXLWDEOH UHSRVLWRU\ LV GHYHORSHG DQG EHJLQV RSHUDWLRQ
H[SHFWHGO\LQWKH\HDU7KHIDFLOLW\DW0ROLVRSHUDWHGE\%(/*2352&(66DQGLV
DOVR PHDQW IRU WKH +/: UHWXUQHG IURP UHSURFHVVLQJ LQ )UDQFH DQG WKH H[LVWLQJ +/:
SURGXFHGSUHYLRXVO\LQ%HOJLXP
 ,Q )LQODQG WKH )LQQLVK 5DGLDWLRQ DQG 1XFOHDU 6DIHW\ $XWKRULW\ 678. LV
UHVSRQVLEOHIRUDVVHVVPHQWRIWKHZDVWHPDQDJHPHQWSODQVDQGDFWLYLWLHV(QYLURV
7KH 678. DSSRLQWHG 3RVLYD D FRPPHUFLDO FRPSDQ\ WR FDUU\ RXW DOO GLVSRVDOUHODWHG
ZRUNV$IWHUDOOWHFKQLFDODVVHVVPHQWV3RVLYDILQDOO\FDOOHGIRUDUHSRVLWRU\WREHEXLOWDW
DGHSWKRIPDW2ONLOXRWRVLWHLQWKHFLW\RI(XUDMRNL7KHUHSRVLWRU\LVSODQQHGWR
EHLQRSHUDWLRQVWDUWLQJIURPDQGLVVXSSRVHGWREHVHDOHGLQWKH\HDU

)LJXUH$W\SLFDOVXUIDFHGLVSRVDOIDFLOLW\DFFRUGLQJWRWKH(8¶VFRQFHSWZDVWH
FRQGLWLRQHGLQFRQFUHWHVWHHOFRQWDLQHUFRQFUHWHVWUXFWXUHDQGVHYHUDO
LPSHUPHDEOHOD\HUV21'5$)1,5$6

&KDSWHU5DGLRDFWLYHDQGWR[LFZDVWHGLVSRVDOIDFLOLWLHVLQ*HUPDQ\DQGRWKHUFRXQWULHV


)LJXUH$W\SLFDOGHHSJHRORJLFDOUHSRVLWRU\DFFRUGLQJWRWKH(8¶VFRQFHSW
YLWULILHGZDVWHVWHHOFRQWDLQHUGLVSRVDOLQIUDVWUXFWXUHDQGJHRORJLFDO
IRUPDWLRQV21'5$)1,5$6
7KH)UHQFKQXFOHDUZDVWHSURJUDPKDVEHHQDVVLJQHG WR WKH1DWLRQDO5DGLRDFWLYH
:DVWH 0DQDJHPHQW $JHQF\ $1'5$ ZKLFK ZDV HVWDEOLVKHG LQ  $1'5$ LV
EDVLFDOO\DSDUWRIWKH)UHQFK$WRPLF(QHUJ\&RPPLVVLRQ&($ZKLFKLVUHVSRQVLEOHIRU
DOOUDGLRDFWLYHZDVWHGLVSRVDOUHODWHGLVVXHV(QYLURV$1'5$KDVLGHQWLILHGIRXU
JHRORJLFDO IRUPDWLRQV VXLWDEOH IRU+/:GLVSRVDOQDPHO\ FOD\ VDOWJUDQLWH DQG VFKLVW
IRUPDWLRQV$1'5$$VLWHNQRZQDVWKH&HQWUHGHOD0DQFKHZKLFKLVORFDWHG
LQ QRUWKHUQ )UDQFH KDG EHHQ XVHG IRU GLVSRVLQJ//: LQ WKH QHDU VXUIDFH IDFLOLWLHV IRU
VHYHUDO GHFDGHV 7KH VLWHZDV FORVHG LQ  DQG D UHSODFHPHQW VLWH QHDU 6RXODLQHV LQ
1RUWKHDVW)UDQFHKDVEHHQDSSRLQWHG)RU+/:WKUHHVLWHV WKDWDUH ORFDWHGLQDJUDQLWH
OD\HUEHORZVHGLPHQWDU\FRYHUKDYHEHHQ VHOHFWHGE\$1'5$IRU IXUWKHUH[DPLQDWLRQ
7KH WKUHH VLWHV DUH9LHQQH LQPDUO DW%XUH+DXWH0DUQH*DUG QHDU0DUFRXOH DQG LQ
0DUO7KHVHOHFWHGVLWHLVH[SHFWHGWREHLQDFWLYHRSHUDWLRQE\WKH\HDU7KH)UHQFK
JRYHUQPHQWKDG LQLWLDOO\ DSSURYHG WKH VLWH DW%XUH LQDIWHUZKLFK D IDWDO DFFLGHQW
LH VKDIW VLQNLQJ RFFXUUHG LQ  7KH VLWH ZDV VXVSHQGHG LQ  DQG EHJDQ LQ
RSHUDWLRQDJDLQLQDIWHUWKHLQWURGXFWLRQRIQHZVDIHW\SUDFWLFHVDQGHTXLSPHQW
7KH QXFOHDU SURJUDPPH LQ 6SDLQ LV PDQDJHG E\ WKH 0LQLVWU\ RI ,QGXVWU\ DQG
(QHUJ\DVVLVWHGE\WKUHHVWDWHRZQHGFRPSDQLHVQDPHO\&,(0$7ZKLFKWDNHVFDUHRI
UHVHDUFK DQG GHYHORSPHQW LVVXHV (186$ ZKLFK GHDOV ZLWK IURQWHQG LVVXHV DQG
(15(6$ZKLFKLVGLUHFWO\LQWRXFKZLWKZDVWHUHODWHGPDWWHUV(QYLURV$QHDU
VXUIDFHGLVSRVDOIDFLOLW\IRU/,/:NQRZQDV(O&DEULOKDVEHHQLQRSHUDWLRQVLQFH
DQGLVORFDWHGNPDZD\IURP&RUGRED1RGHFLVLRQKDVEHHQPDGHUHJDUGLQJWKHILQDO
GLVSRVDOFRQFHSWDQGWKHILQDOORFDWLRQIRUWKH+/:UHSRVLWRU\1RGHFLVLRQKDVDOVREHHQ
PDGHWKXVIDUUHJDUGLQJDFRQFHSWRIILQDOGLVSRVDOUHSRVLWRU\EXW(15(6$KDVWDUJHWHG
WKDWWKHSODQLVWREHDQQRXQFHGLQ

&KDSWHU5DGLRDFWLYHDQGWR[LFZDVWHGLVSRVDOIDFLOLWLHVLQ*HUPDQ\DQGRWKHUFRXQWULHV

 7KH 6ZHGLVK 1XFOHDU )XHO DQG :DVWH 0DQDJHPHQW &RPSDQ\ 6.% ZDV
HVWDEOLVKHG LQ V WR PDQDJH UDGLRDFWLYH ZDVWH LQ 6ZHGHQ (QYLURV  $ ILQDO
QHDUVXUIDFH UHSRVLWRU\ IRU /,/: KDV EHHQ VHW XS DW D ORFDWLRQ QHDU )RUVPDUN QXFOHDU
SRZHUSODQWZKHUHDVWKH6ZHGLVK+/:DUHVKLSSHGWRWKHLQWHULPVWRUHNQRZQDV&/$%
)LJXUH  ZKLFK LV VLWXDWHG LQ WKH YLFLQLW\ RI WKH UHDFWRU VLWH DW 2VNDUVKDPQ 7KH
IDFLOLW\ LV ORFDWHG LQ D JUDQLWH OD\HU DW D GHSWK RI P )LQDO GLVSRVDO FRQFHSW IRU WKH
+/:UHSRVLWRU\KDVEHHQRXWOLQHGLQDSURSRVHG6.%SODQZKLFKGHVFULEHVWKDWWKH+/:
IURP VSHQW QXFOHDU IXHO LV WR EH HQFDSVXODWHG LQ KLJKLQWHJULW\ FRSSHU FDQLVWHUV 7KH
FDQLVWHUVZRXOGVXEVHTXHQWO\EHSODFHGLQDUHSRVLWRU\WKDWZRXOGEHORFDWHGDWDGHSWKRI
PLQFU\VWDOOLQHURFNV1RILQDO ORFDWLRQKDVEHHQVHOHFWHGIRU WKH+/:UHSRVLWRU\
&RPSDFWHGPL[WXUHRIEHQWRQLWH,%(&2&ZLWKDZDWHUFRQWHQWRIDQGDGU\GHQVLW\
RI0JPKDVEHHQVHOHFWHGIRUWKHVHDOLQJPDWHULDO*UD\
,Q6ZLW]HUODQG/,/:DQG+/:DUHWREHGLVSRVHGXQGHUJURXQGLQDVXLWDEOHURFN
IRUPDWLRQDWDPLQLPXPGHSWKRIP7KHUHJXODWRU\ERG\ZKLFKGHDOVZLWKQXFOHDU
LVVXHV LQ WKH FRXQWU\ LV WKH 6ZLVV )HGHUDO 1XFOHDU 6DIHW\ ,QVSHFWRUDWH +6. RI WKH
)HGHUDO2IILFHRI(QHUJ\%)(7KH1DWLRQDO&RRSHUDWLYHIRUWKH6WRUDJHRI5DGLRDFWLYH
:DVWH1$*5$ZDVHVWDEOLVKHGLQWRPDQDJHWKHGLVSRVDORIDOO6ZLVVUDGLRDFWLYH
ZDVWH UHWXUQHG IURP UHSURFHVVLQJ LQ )UDQFH DQG 8QLWHG .LQJGRP (QYLURV 
1$*5$KDVFRQVLGHUHGDFU\VWDOOLQHURFNIRUPDWLRQLQQRUWKHUQSDUWRIWKHFRXQWU\DVD
IHDVLEOHORFDWLRQIRUWKH+/:UHSRVLWRULHV

)LJXUH&/$%IDFLOLW\LQ6ZHGHQ6.%
 ,Q WKH8QLWHG.LQJGRP WKH%ULWLVK1XFOHDU )XHOV %1)/ D JRYHUQPHQWRZQHG
FRUSRUDWLRQ LV UHVSRQVLEOH IRU WKH UHSURFHVVHG +/: GLVSRVDO LQ WKH FRXQWU\ ZKHUHDV

&KDSWHU5DGLRDFWLYHDQGWR[LFZDVWHGLVSRVDOIDFLOLWLHVLQ*HUPDQ\DQGRWKHUFRXQWULHV

//,: GLVSRVDO DUH PDQDJHG E\ WKH 1XFOHDU ,QGXVWU\ 5DGLRDFWLYH :DVWH ([HFXWLYH
1,5(;DJRYHUQPHQWLQVWLWXWLRQZKLFKKDGEHHQHVWDEOLVKHGLQ(QYLURV
1,5(;KDVEHHQVHDUFKLQJIRUDSRWHQWLDOORFDWLRQQHDU6HOODILHOGLQ&XPEULDDQGSODQV
RSHUDWLRQRIDUHSRVLWRU\IRU//,:E\WKH\HDU+RZHYHUWKHSURSRVDOZDVUHIXVHG
LQ  DIWHU EHLQJ LQTXLUHG E\ SXEOLF DQG QHZ FRQFHSWV KDYH WR EH HVWDEOLVKHG )RU
+/:D FXUUHQW FRQFHSWRI UHSURFHVVLQJDQG VWRULQJ WKHZDVWH LQ VXUIDFH VWRUDJH IRU DW
OHDVW  \HDUV LV FRQWLQXHG$ ILQDO GLVSRVDO IRU WKH+/:ZRXOG EH D GHHS JHRORJLFDO
UHSRVLWRU\ZKLFKLVH[SHFWHGWREHUHTXLUHGE\WKH\HDU
 5DGLRDFWLYH:DVWH'LVSRVDO&RQFHSWLQ*HUPDQ\
'HXWVFKH *HVHOOVFKDIW ]XP %DX XQG %HWULHE YRQ (UGODJHUQ IU $EIDOOVWRIIH PE+
'%(RU WKH*HUPDQ&RPSDQ\ IRU&RQVWUXFWLRQDQG2SHUDWLRQRI:DVWH5HSRVLWRULHV
DQ RUJDQLVDWLRQ DSSRLQWHG E\ WKH IHGHUDO JRYHUQPHQW DV UHSUHVHQWHG E\%XQGHVDPW IU
6WUDKOHQVFKXW]%I6RUWKH)HGHUDO2IILFHIRU5DGLDWLRQ3URWHFWLRQVLQFHKDVEHHQ
LQFRQWUDFWWRHVWDEOLVKILQDOUHSRVLWRULHVIRUWKH*HUPDQQXFOHDUZDVWH(QYLURV
%I6 LV XQGHU MXULVGLFWLRQ RI WKH )HGHUDO (QYLURQPHQ 0LQLVWU\ %08 '%( KDV
DVFHUWDLQHG WKH DSSOLFDELOLW\ RI WKH IRUPHU .RQUDG LURQ RUHPLQH QHDU 6DO]JLWWHU DV DQ
XQGHUJURXQG GLVSRVDO IRU WKH QHJOLJLEOH KHDW GHYHORSLQJ ZDVWH ZKHUHDV DQRWKHU VLWH DW
*RUOHEHQ VDOW GRPH LQ WKHSURYLQFHRI/RZHU6D[RQ\KDGEHHQSODQQHG WR EHXVHG IRU
ERWKQHJOLJLEOHKHDWGHYHORSLQJDQGKHDWGHYHORSLQJZDVWH
3ULRU WR *HUPDQ UHXQLILFDWLRQ DQRWKHU VLWH NQRZQ DV 0RUVOHEHQ KDG EHHQ
DSSRLQWHG VLQFH  WR EH XVHG DV D ILQDO UHSRVLWRU\ IRU WKH (DVW *HUPDQ¶V ORZ DQG
PHGLXPUDGLRDFWLYHZDVWH7KHVLWHZDVDOVRXVHGDVDQLQWHULPVWRUDJHIDFLOLW\IRUVSHQW
IXHO LQ WKH FRXQWU\/RFDWHG LQ WKH SURYLQFH RI6D[RQ\$QKDOW WKH UHSRVLWRU\ KDV EHHQ
XQGHU H[WHQVLYH LQVSHFWLRQV DQG LQYHVWLJDWLRQV E\ %I6 DIWHU WKH UHXQLILFDWLRQ GHVSLWH
VXVSHQGHGGLVSRVDODFWLYLWLHVIROORZLQJDSSHDOIURPWKHJRYHUQPHQWRI6D[RQ\$QKDOWLQ

7KH*RUOHEHQGLVSRVDOIDFLOLWLHVDUHORFDWHGDWDGHSWKUDQJLQJIURPWRP
DQGZHUH LQLWLDOO\H[SHFWHGWREH LQRSHUDWLRQVWDUWLQJIURP$OWKRXJK LWKDVEHHQ
SURYHQ WR EH VXLWDEOH IRU WKH*HUPDQ QXFOHDUZDVWH GLVSRVDO LW KDV EHHQ IDFLQJ VWURQJ
RSSRVLWLRQIURPWKHJRYHUQPHQWRI/RZHU6D[RQ\,QWKHIHGHUDOJRYHUQPHQWVWDWHG
WKDWWKH*RUOHEHQVLWH¶VVXLWDELOLW\ZDVVWLOOTXHVWLRQDEOHDQGRWKHUSRWHQWLDOVLWHVIRUWKH
GLVSRVDOVKRXOGEHIRXQGDQGH[DPLQHG
6HOHFWLRQRI6XLWDEOH6LWHIRUWKH)LQDO5HSRVLWRU\LQ*HUPDQ\
 %08 GHFLGHG WKDW DOO UDGLRDFWLYH ZDVWH VKDOO EH GLVSRVHG LQ GHHS JHRORJLFDO
IRUPDWLRQV $N(QG  SURSRVHG WKDW WKHUH VKRXOG EH RQO\ RQH UHSRVLWRU\ LQ WKH
FRXQWU\ IRU WKLV SXUSRVH %DVHG RQ WKH KDOIOLYHV RI UDGLRQXFOLGHV UHVXOWLQJ IURP WKH
QXFOHDUZDVWHDQGWKHHYROXWLRQRIJHRORJLFDOV\VWHPZKHUHWKHUHSRVLWRU\LVWREHVHDWHG

&KDSWHU5DGLRDFWLYHDQGWR[LFZDVWHGLVSRVDOIDFLOLWLHVLQ*HUPDQ\DQGRWKHUFRXQWULHV

WKH$N(QG&RPPLWWHHGHFLGHGWKDWWKHILQDOUHSRVLWRU\VKDOOEHDEOHWRLVRODWHWKHZDVWH
ZLWKLQDPLQLPXPSHULRGRIRQHPLOOLRQ\HDUV7KHIROORZLQJJHQHUDOUHTXLUHPHQWVKDYH
EHHQ GHILQHG LQ$N(QG  IRU VHOHFWLQJ WKH VXLWDEOH VLWH IRU WKH ILQDO UHSRVLWRU\ LQ
*HUPDQ\
x 1RRUVORZWUDQVSRUWRIKDUPIXOVXEVWDQFHVLQFOXGLQJUDGLRQXFOLGHVLQWRDQGRXWRI
WKHLVRODWLQJURFN]RQHDQGORZIORZUDWHRIWKHJURXQGZDWHUDWUHSRVLWRU\OHYHO
x 7KHUHPXVW EH D ODUJH YROXPH RI LVRODWLQJ URFN ]RQH D ORQJ GLVWDQFH IURPZDWHU
EHDULQJ IRUPDWLRQV DQG VDIHW\ UHTXLUHPHQWV LQ WKH FDVH RI EDUULHU IDLOXUH 7KHVH
IDFWRUVDUHUHODWHGWRWKHFRQILJXUDWLRQRIKRVWURFNVDQGLVRODWLQJURFN]RQH
x *RRG VSDWLDO FKDUDFWHULVWLFV RI WKH KRVW URFNV 7KLV UHTXLUHPHQW LV UHODWHG WR WKH
UHOLDELOLW\RIVDIHW\DVVHVVPHQWUHSRVLWRU\GHVLJQDQGHIIRUWRIH[SORUDWLRQUHTXLUHG
x *RRG SUHGLFWDELOLW\ RI WKH KRVW URFN EHKDYLRXU 7KLV UHTXLUHPHQW LV UHODWHG WR WKH
ORQJWHUPVDIHW\DVVHVVPHQWRIWKHUHSRVLWRU\
x )DYRXUDEOHPHFKDQLFDO FKDUDFWHULVWLFVRI WKHKRVW URFNV WRPLQLPLVHGDPDJHRI WKH
EDUULHUV\VWHPVLHWKHKRVWURFNVFDXVHGE\WKHFRQVWUXFWLRQDQGRSHUDWLRQRIWKH
UHSRVLWRU\
x /RZ WHQGHQF\ RI WKH IRUPDWLRQ RI ZDWHU IORZ SDWKV DQG JRRG JDV FRPSDWLELOLW\
7KHVHDUHWRHQVXUHWKHLQWHJULW\RIUHSRVLWRU\V\VWHPVXFKWKDWWKHV\VWHPLVUREXVW
DJDLQVW DQ\ SRVVLEOH ORDGV DQG VWUHVVHV DQG SRVVLEOH JHQHUDWHG JDV E\ WKH VWRUHG
ZDVWH
x *RRGWKHUPDOFKDUDFWHULVWLFV7KLVLVWRHQVXUHWKHWHPSHUDWXUHUHGLVWULEXWLRQZKHQD
KLJKWHPSHUDWXUH LVJHQHUDWHG LQ WKHUHSRVLWRU\VXFKWKDWQRGDPDJHGXHWR WKHUPDO
DQGWKHUPRPHFKDQLFDOORDGVFDQEHH[SHFWHGWRRFFXU
x +LJK UDGLRQXFOLGH UHWHQWLRQ FDSDFLW\ DQG IDYRXUDEOH K\GURFKHPLFDO FKDUDFWHULVWLFV
RIWKHKRVWURFNV
7KHFULWHULDWKDWKDYHEHHQVHWXSE\WKHFRPPLWWHHOHDGWRDGHFLVLRQWRFRQVLGHUWZR
URFNIRUPDWLRQVQDPHO\VDOWVWRQHDQGFOD\VWRQHIRUPDWLRQVDVFDQGLGDWHVIRU WKHILQDO
UHSRVLWRU\ VLWH LQ *HUPDQ\ 7KH IROORZLQJ DVSHFWV KDYH EHHQ OLVWHG UHJDUGLQJ WKH
IHDVLELOLW\ RI VDOWVWRQH DQG FOD\VWRQH IRUPDWLRQV DV KRVW URFNV DW DZRUNVKRS HQWLWOHG
µ:RUNVKRS*HJHQEHUVWHOOXQJYRQ(QGODJHUNRQ]HSWHQLP6DO]XQG7RQJHVWHLQ*(,67¶
LQWKHFLW\RI3HLQHLQ-DQXDU\
x 7KH VDOWVWRQH IRUPDWLRQ LV D KRPRJHQHRXV V\VWHP DV FRPSDUHG WR WKH FOD\VWRQH
IRUPDWLRQZKLFKKDVFRPSOH[JHRSK\VLFDOFKDUDFWHULVWLFV7KHVDOWVWRQHIRUPDWLRQLQ
*HUPDQ\LVJHQHUDOO\ORFDWHGDWJUHDWHUGHSWKVFRPSDUHGWRWKHFOD\VWRQHIRUPDWLRQ

&KDSWHU5DGLRDFWLYHDQGWR[LFZDVWHGLVSRVDOIDFLOLWLHVLQ*HUPDQ\DQGRWKHUFRXQWULHV

x %DVHG RQ WKH SUHYLRXV DQG RQJRLQJ UHVHDUFK VWXGLHV WKH VDOWVWRQH IRUPDWLRQ KDV
EHWWHUWKHUPDOSURSHUWLHVFRPSDUHGWRWKHFOD\VWRQHIRUPDWLRQ7KHFKDUDFWHULVWLFVRI
VDOWVWRQHIRUPDWLRQDUHIRXQGWREHOHVVDIIHFWHGE\WHPSHUDWXUH
x 7KH FOD\VWRQH IRUPDWLRQ KDV D ZLGHU SHUPHDELOLW\ UDQJH DQG LV JHQHUDOO\ PRUH
SHUPHDEOHWKDQWKHVDOWVWRQHIRUPDWLRQ7KHOLTXLGWUDQVSRUWPHFKDQLVPVLQWKHFOD\
VWRQHIRUPDWLRQDUHGRPLQDWHGE\GLIIXVLRQSURFHVVHVZLWKVRUSWLRQSURSHUWLHVRIWKH
FOD\VWRQHEHLQJUHOHYDQWZKLOHLQWKHVDOWVWRQHIRUPDWLRQDGYHFWLRQW\SHWUDQVSRUWV
GRPLQDWH
x 7KHFOD\VWRQHIRUPDWLRQKDVEHHQIRXQGWRSURYLGHEHWWHU ORQJWHUPEDUULHUHIIHFWV
ZKLFKDUHEHQHILFLDORYHU WKHVDOWVWRQHIRUPDWLRQ+RZHYHU WKHVWUXFWXUDO LQWHJULW\
RIWKHUHSRVLWRU\V\VWHPDVDZKROHLHWKHUHSRVLWRU\DQGWKHKRVWURFNVLVEHWWHULQ
WKHFDVHRIVDOWVWRQHIRUPDWLRQ0RUHUHVHDUFKVWXGLHVDUHQHHGHGLQWKHFDVHRIFOD\
VWRQHIRUPDWLRQ
x 'DWD RQ WKH SURSHUWLHV RI KRVW URFNV DUH PRUH DYDLODEOH LQ WKH FDVH RI VDOWVWRQH
IRUPDWLRQ WKDW HQDEOHV PRGHOOLQJ RI WKH UHSRVLWRU\ SHUIRUPDQFH WR EH SHUIRUPHG
EHWWHUDQGPRUHFRQILGHQWO\
x 7KH WHFKQLTXHV SHUWDLQLQJ WR WKH ILQDO GHSRVLWLRQ RI WKH QXFOHDU ZDVWH KDYH EHHQ
VWXGLHGDQGGHPRQVWUDWHGLQWKHFDVHRIWKHVDOWVWRQHIRUPDWLRQZKHUHDVIRUWKHFOD\
VWRQHIRUPDWLRQWKHWHFKQLTXHVDUHVWLOOPHUHO\DFRQFHSW
x 7KHIHDVLELOLW\VWXG\LQGLFDWHVWKDWWKHUHSRVLWRU\FRQVWUXFWLRQDQGRSHUDWLRQFRVWVDUH
FKHDSHU LQ WKH FDVH RI VDOWVWRQH IRUPDWLRQ FRPSDUHG WR WKRVH RI WKH FOD\VWRQH
IRUPDWLRQ
'HVLJQ&RQFHSWVRIWKH)LQDO5HSRVLWRU\
 7KHUH DUH WZR GLIIHUHQW GHVLJQ FRQFHSWV RI QXFOHDUZDVWH UHSRVLWRU\ LQ*HUPDQ\
7KHILUVWGHVLJQ LVEDVHGRQDFRQFHSWZKLFKFRQVLGHUVVHSDUDWLRQRIGLIIHUHQW IXQFWLRQV
SURYLGHGE\GLIIHUHQWHOHPHQWVRIWKHFRQVWUXFWLRQVHDOLQJHOHPHQWEXIIHUHOHPHQWDQG
KRVW URFNV ZKHUHDV WKH RWKHU DSSURDFK LV EDVHG RQ D FRQFHSW ZKLFK FRQVLGHUV WKH
IXQFWLRQDOLW\RIUHSRVLWRU\FRQVWUXFWLRQDQGLWVHOHPHQWVDVDZKROH6LW]HWDO7KH
VHFRQG FRQFHSW DSSHDUV WR EH PRUH VXLWDEOH FRQVLGHULQJ WKDW FRXSOHG WKHUPRK\GUR
FKHPRPHFKDQLFDOSURFHVVHVQRW LQGLYLGXDOSURFHVVHV WKDW WDNHSODFHDQGGHWHUPLQH WKH
FRQVWUXFWLRQVWDELOLW\7KHDYDLODEOHGHVLJQFRQFHSWVIRUWKH*HUPDQUHSRVLWRU\ZHUHXVHG
DVFRQVLGHUDWLRQVLQWKHGHVLJQRI6RQGHUVKDXVHQILHOGWHVWVHH6XEFKDSWHU
 %HQWRQLWHDQG%HQWRQLWH6DQGDV%XIIHUDQG6HDOLQJ0DWHULDOV
%\ GHILQLWLRQ EHQWRQLWH LV D QDWLYH FROORLGDO K\GUDWHG DOXPLQLXP VLOLFDWH
IUHTXHQWO\ JHQHUDWHG IURP DOWHUDWLRQ RI YROFDQLF DVK ZLWK VPHFWLWH JURXS PLQHUDOV

&KDSWHU5DGLRDFWLYHDQGWR[LFZDVWHGLVSRVDOIDFLOLWLHVLQ*HUPDQ\DQGRWKHUFRXQWULHV

PRVWO\ PRQWPRULOORQLWH DQG RWKHU PLQHUDOV VXFK DV KHFWRULWH VDSRQLWH EHLGHOLWH DQG
QRQWURQLWHDVLWVPDMRUFRQVWLWXHQWV'HWDLOVRISK\VLFRFKHPLFDOSURSHUWLHVRIEHQWRQLWH
FDQEHIRXQGLQ&KDSWHURIWKHGLVVHUWDWLRQ6LQFHPRQWPRULOORQLWHLVWKHPDLQPLQHUDO
RI WKH EHQWRQLWH LWV FKDUDFWHULVWLFV DUH SUHGRPLQDQWO\ UHIOHFWHG LQ WKH SURSHUWLHV RI
EHQWRQLWHDVDZKROH
3XVFK  QRWHG WKDW VHYHUDO SURSHUWLHV RI EHQWRQLWH VXFK DV ORZ SHUPHDELOLW\
DQG HDV\ KDQGOLQJ FDQ EH IDYRXUDEOH IRU WKH XVH RI WKLVPDWHULDO DV EXIIHU DQG VHDOLQJ
HOHPHQWIRUQXFOHDUZDVWHGLVSRVDO&RPPRQO\FRPSDFWHGEHQWRQLWHLQDIRUPRIKHDYLO\
FRPSDFWHGEULFNVRUSHOOHWLVSUHIHUDEOHVLQFHLWLVHDV\WRKDQGOHGXULQJSODFHPHQW6LQFH
FRPSDFWHG EHQWRQLWH LV D ORZ SHUPHDEOH PDWHULDO LW LV H[SHFWHG WKDW K\GURJHRORJLFDO
WUDQVSRUW RI UDGLR QXFOLGHV WKURXJK JURXQGZDWHU LH DGYHFWLYH SURFHVV LVPLQLPLVHG
0RUHRYHUWKHKLJKLRQH[FKDQJHFDSDFLW\RIEHQWRQLWHHQDEOHVLRQVIURPUDGLRQXFOLGHWR
EHDEVRUEHGVXFK WKDW WKHLU WUDQVSRUW LVHYHQPRUH UHWDUGHG'XULQJ WKHGHYHORSPHQWRI
KHDWUHVXOWLQJIURPWKHUDGLRDFWLYHGHFD\RIWKHVWRUHGZDVWHEHQWRQLWHDVEXIIHUPDWHULDO
LVH[SHFWHGWRWUDQVIHUWKHH[FHVVLYHKHDWWRWKHKRVWURFNVDQGWKXVUHGXFHVWKHJHQHUDWHG
WKHUPDOJUDGLHQW+LJKO\SODVWLFQDWXUH DQGKLJK VWUHQJWKSURYLGH DGGLWLRQDO DGYDQWDJHV
ZLWKUHVSHFWWRILVVXUHVUHVXOWLQJGHIRUPDELOLW\GHYHORSHGGXHWRJHRORJLFDOPRYHPHQWRI
WKHKRVWURFNVDQGVHOIVHDOLQJEHKDYLRXUDQGDQ\SRVVLEOHDSSOLHGORDGWKDWPD\DFW LQ
WKHGHHSJHRORJLFDO UHSRVLWRU\7KHUHIRUH3XVFK  VXJJHVWHG WKHXVHRIEHQWRQLWH
HVSHFLDOO\ LQ D IRUP RI KLJKO\ FRPSDFWHG EULFNV DV VHDOLQJ PDWHULDO IRU QXFOHDU ZDVWH
GLVSRVDO
+RZHYHUH[FHVVLYHVZHOOLQJSUHVVXUHGHYHORSHGDVEHQWRQLWH LVPRLVWHQHGGXULQJ
RSHUDWLRQ VWDJH RI WKH UHSRVLWRU\ VKRXOG EH OLPLWHG DV LW PLJKW FDXVH GDPDJH WR WKH
UHSRVLWRU\ LWVHOI <RQJ HW DO  DGGUHVVHG WKLV LVVXH EHVLGHV UHTXLUHPHQWV RI ORZ
VKULQNDJHFKDUDFWHULVWLFRI WKHEXIIHUPDWHULDOSHUWDLQLQJ WR WKHGHYHORSPHQWRI ILVVXUHV
GXULQJKHDW GHYHORSPHQW JRRG FRPSUHVVLELOLW\ RI WKHEXIIHUPDWHULDO IRU HQVXULQJ HDV\
KDQGOLQJDQGJRRGGHIRUPDELOLW\ WRZDUUDQW VWUHVVGLVVLSDWLRQ WKDWPD\EHJHQHUDWHG LQ
WKHV\VWHP7KHVHIDFWRUVOHDGWRWKHXVHRIPL[WXUHVRIEHQWRQLWHDQGVDQG7KHDGGLWLRQ
RI VDQGKDV EHHQ IRXQG WR EH DGYDQWDJHRXV UHJDUGLQJ HDVHRI KDQGOLQJPDQXIDFWXULQJ
DQGHFRQRPLFIDFWRUV0RUHRYHUWKHDGGLWLRQRIVDQGLPSURYHVWKHWKHUPDOFRQGXFWLYLW\
ZKLOVWIRUDJLYHQGU\GHQVLW\WKHVZHOOLQJSUHVVXUHRIDEHQWRQLWHVDQGPL[WXUHLVORZHU
WKDQ WKDW RI WKH SXUH EHQWRQLWH 7KH FRHIILFLHQW RI SHUPHDELOLW\ RI WKH FRPSDFWHG
EHQWRQLWHVDQG PL[WXUH PD\ DOVR EH ORZHU FRPSDUHG WR WKDW RI WKH FRPSDFWHG SXUH
EHQWRQLWHGHSHQGLQJRQ WKHSHUFHQWDJHRIVDQGDGGHGDQGGU\GHQVLW\RI WKHFRPSDFWHG
PL[WXUH7KXVWKHRSWLPXPSHUFHQWDJHRIVDQGDGGHGPXVWEHLQYHVWLJDWHG-1&E
SURSRVHG WKHXVHRIDKHDYLO\FRPSDFWHGPL[WXUHRIEHQWRQLWHDQGVLOLFD VDQGDVEXIIHU
PDWHULDOIRUWKH-DSDQ¶VQXFOHDUZDVWHGLVSRVDOFRQFHSWZKLOH$(&/VXJJHVWHGWKH
XVHKLJKGHQVLW\PL[WXUHRIEHQWRQLWHDQGVLOLFDVDQGIRU&DQDGD¶VUHSRVLWRU\
FRQFHSW

&KDSWHU5DGLRDFWLYHDQGWR[LFZDVWHGLVSRVDOIDFLOLWLHVLQ*HUPDQ\DQGRWKHUFRXQWULHV

 3UHYLRXVDQG2QJRLQJ6WXGLHVRQ&KDUDFWHULVDWLRQRI%XIIHUDQG6HDOLQJ
0DWHULDOV
0RVW RI LQYHVWLJDWLRQV SHUIRUPHG WR VHOHFW DQG FKDUDFWHULVH WKH PDWHULDO XVHG DV
EXIIHU DQG VHDOLQJ HOHPHQW IRU WKH UHSRVLWRU\ DUH FDUULHG RXW LQ FRQMXQFWLRQ ZLWK
REVHUYDWLRQV DQG IHDVLELOLW\ VWXGLHV DLPHG DW VHOHFWLQJ WKH PRVW LGHDO VLWH IRU QXFOHDU
ZDVWH GLVSRVDO IDFLOLW\ 'XH WR WKH FRPSOH[LW\ RI EHKDYLRXU RI WKH EXIIHU DQG VHDOLQJ
PDWHULDOV LH WKH EHQWRQLWH DQG WKH EHQWRQLWHVDQG PL[WXUHV LQWHUQDWLRQDOO\
FROODERUDWLYH DQG LQWHUGLVFLSOLQDU\ UHVHDUFK VWXGLHV DUH FRPPRQO\ SHUIRUPHG IRU WKLV
SXUSRVH 2EMHFWLYH RI WKH UHVHDUFK VWXGLHV RQ WKLV ILHOG LVPDLQO\ WR GHULYH SDUDPHWHUV
IURP ODERUDWRU\ WHVW GDWD WKDW DUH UHTXLUHG IRUPRGHOOLQJ DQG LQ WKH FDVH RI ODUJH VFDOH
WHVWVWKHSDUDPHWHUVDUHXVXDOO\REWDLQHGE\EDFNFDOFXODWLRQ7KHSDUDPHWHUVDUHXWLOLVHG
WRSUHGLFWWKHVKRUWWHUPDVZHOODVWKHORQJWHUPEHKDYLRXURIWKHUHSRVLWRU\
,Q 86$ DORQJ ZLWK WKH HVWDEOLVKPHQW RI WKH <XFFD 3URMHFW LQ  DQ
XQGHUJURXQGODERUDWRU\ZKLFKZDVEXLOWDWDGHSWKRIPKDVEHHQXVHGWRLQYHVWLJDWH
JHRORJLFIHDWXUHVDQGK\GURJHRORJ\RIWKH<XFFD0RXQWDLQLWVHOI'2(5HOHYDQW
SURFHVVHVRIVDWXUDWHGDQGXQVDWXUDWHGZDWHUPRYHPHQWDQGWKHSRVVLELOLW\RIZDWHUDQG
RWKHUVROXWLRQV WREH LQFRQWDFWDQGIORZZLWKUDGLRQXFOLGHVDVDOVRDIIHFWHGE\QDWXUDO
DQG KXPDQ LQWUXVLRQV DUH LQYHVWLJDWHG WRJHWKHU ZLWK WKH HIIHFWV RI KHDW RQ ZDWHU
PRYHPHQWVDQGWKHUHVSRQVHRIKRVWURFNVWRKHDWDQGVWUHVVHV
7KHXQGHUJURXQGUHVHDUFK ODERUDWRU\ LQ&DQDGDNQRZQDV:KLWHVKHOO IDFLOLWLHV LQ
0DQLWREDKDGEHHQFRQVWUXFWHGE\$(&/DW DGHSWKRIP LQ WKH&DQDGLDQJUDQLWH
VKLHOGLQDWWHPSWWRLQYHVWLJDWHVHYHUDODVSHFWVUHODWHGWRGLVSRVDORI+/:$(&/
7KHVHLQFOXGHJHRORJLFDOFKDUDFWHULVDWLRQRIWKHVLWHZDWHUDQGVROXWHWUDQVSRUWUHVHDUFK
FKHPLVWU\ DQGPLFURELRORJ\ RI WKH JURXQGZDWHU WHPSHUDWXUH DQG WLPHGHSHQGHQW URFN
GHIRUPDWLRQDQGIDLOXUHGDPDJHVWXG\DQGVWXG\RQFOD\DQGFRQFUHWHEDVHGPDWHULDOV
IRU LWV VHDOLQJ DQG EXIIHU HOHPHQWV$OWKRXJK WKH IDFLOLWLHV KDYH EHHQ GHFRPPLVVLRQHG
UHVHDUFKVWXGLHV LQ WKHDUHDRIVHDOLQJDQGEXIIHUHOHPHQWVIRUQXFOHDUZDVWHGLVSRVDO LQ
&DQDGD DUH VWLOO XQGHUZD\ PDLQO\ LQ XQLYHUVLWLHV :LWK UHVSHFW WR JHRWHFKQLFDO
HQJLQHHULQJ DVSHFWV D UHVHDUFK JURXS DW WKH *HRWHFKQLFDO (QJLQHHULQJ 'HSDUWPHQW
8QLYHUVLW\ RI 0DQLWRED KDV EHHQ FRQGXFWLQJ UHVHDUFK RQ WKH FKDUDFWHULVDWLRQ RI D
EHQWRQLWHVDQGPL[WXUHIRUVHDOLQJHOHPHQWLQWKH&DQDGLDQ6KLHOG7KHUHVHDUFKLQYROYHV
WULD[LDOWHVWVXQGHUKLJKFRQILQLQJSUHVVXUHVDQGWHPSHUDWXUHRQVDWXUDWHGDQGXQVDWXUDWHG
FRPSDFWHGVSHFLPHQVRIEHQWRQLWHVDQGPL[WXUH LQDSURSRUWLRQRI([SHULPHQWDO
GDWD WKDW KDYH EHHQ REWDLQHG DUH DOVR XVHG WR GHYHORS D FRQVWLWXWLYHPRGHOZKLFK FDQ
IXUWKHUEHXWLOLVHGLQQXPHULFDOPRGHOOLQJIRUSUHGLFWLQJWKHORQJWHUPSHUIRUPDQFHRIWKH
QXFOHDUZDVWHGLVSRVDOUHSRVLWRU\
%HVLGHV WKH ODERUDWRU\ H[SHULPHQWV FDUULHG RXW LQ &DQDGD WZR ODUJHVFDOH WHVWV
QDPHO\ D EXIIHUFRQWDLQHU H[SHULPHQW DQG DQ LVRWKHUPDO WHVW ZHUH FRQGXFWHG DW WKH

&KDSWHU5DGLRDFWLYHDQGWR[LFZDVWHGLVSRVDOIDFLOLWLHVLQ*HUPDQ\DQGRWKHUFRXQWULHV

$WRPLF (QHUJ\ RI &DQDGD¶V XQGHUJURXQG UHVHDUFK ODERUDWRU\ QHDU /DF GX %RQQHW LQ
0DQLWRED 7KH H[SHULPHQWV ZHUH DLPHG DW H[DPLQLQJ YDULRXV DVSHFWV UHODWHG WR WKH
FRQVWUXFWLRQRIDGHHSJHRORJLFDOUHSRVLWRU\LQWKHJUDQLWLFURFNVLQWKH&DQDGLDQVKLHOG
DQG WKH DSSOLFDWLRQ RI VHDOLQJ WHFKQRORJ\ LQ WKDW HQYLURQPHQW 7KH UHVXOWV RI ERWK WKH
EXIIHUFRQWDLQHU DQG LVRWKHUPDO WHVWV KDYH EHHQ UHSRUWHG DQG GLVFXVVHG LQ'L[RQ HW DO

,Q (XURSH DQ LQWHUQDWLRQDO FRRSHUDWLRQ RI UHVHDUFK RQ QXFOHDU ZDVWH GLVSRVDO
FRQFHSWNQRZQDV6WULSD3URMHFWKDGEHHQHVWDEOLVKHGDQGOHGE\6ZHGLVK1XFOHDU)XHO
DQG:DVWH0DQDJHPHQW&R6.%6ZHGHQ(QYLURV7KHSURMHFWZKLFKFRQVLVWHG
RI WKUHHRYHUODSSHGSKDVHVQDPHO\3KDVHIURPWR3KDVHIURP
 DQG 3KDVH  IURP  KDG EHHQ XQGHUWDNHQ ZLWK FRQWULEXWLRQ IURP
&DQDGD )LQODQG )UDQFH 8QLWHG .LQJGRP -DSDQ DQG WKH 8QLWHG 6WDWHV $ KDOIVFDOH
PRFNXSWHVWNQRZQDV%XIIHU0DVV7HVW%07ZDVSHUIRUPHGDW6WULSDZKLFKLVVKRZQ
LQ )LJXUH  3XVFK HW DO  DQG *UD\  7KH WHVW ZDV DLPHG DW DVVHVVLQJ
SHUIRUPDQFHRIWKHEXIIHUPDWHULDOLHEHQWRQLWHXQGHUSRVVLEOHILHOGFRQGLWLRQVE\DOVR
FRQVLGHULQJ WKHPHWKRGVRISUHSDUDWLRQKDQGOLQJDQG LQVWDOODWLRQ$P ORQJJDOOHU\
VHDWHGDWDGHSWKRIPKDGEHHQFRQVWUXFWHGWRKDYHVL[PGHHSDQGFPGLDPHWHU
VKDIWVLQZKLFKHOHFWULFDOKHDWHUVZHUHSODFHG7KHKHDWHUVVLPXODWLQJWKHKHDWHPLWWHGE\
WKHQXFOHDUZDVWHFDQLVWHUZHUHVHDOHGDQGEXIIHUHGXVLQJFRPSDFWHGXQVDWXUDWHGVRGLXP
EHQWRQLWHEORFNVLH0;EHQWRQLWHIURP:\RPLQJ6ZHOOLQJSUHVVXUHVGHYHORSHGLQ
WKHEHQWRQLWHDQGZDWHUSUHVVXUHVH[HUWHGLQWKHJUDQLWLFKRVWURFNVDVZHOODVWHPSHUDWXUH
FKDQJHV GXULQJ WKH H[SHULPHQW ZHUH PRQLWRUHG ,Q DGGLWLRQ WKH ZDWHU FRQWHQW RI WKH
EHQWRQLWH UHODWLYH PRYHPHQW RI HDFK FRPSRQHQW DQG IUDFWXUHV ZHUH DOVR PHDVXUHG
*UD\8SRQWHVWLQJWKHSK\VLFDODQGFKHPLFDOSURSHUWLHVRIWKHPDWHULDOWKDWKDG
XQGHUJRQH WKHUPRK\GUDXOLF WUHDWPHQWV GXULQJ H[SHULPHQW ZHUH UHLQYHVWLJDWHG LQ WKH
ODERUDWRU\IRUFRPSDULVRQWRWKRVHREWDLQHGIRUWKHDVSUHSDUHGFRQGLWLRQV*HQHUDOO\QR
VLJQLILFDQWFKDQJHVLQWKRVHSURSHUWLHVZHUHHYLGHQW
$QRWKHU(XURSHDQPXOWLQDWLRQDOUHVHDUFKSURMHFWRQGHHSJHRORJLFDOZDVWHGLVSRVDO
UHSRVLWRU\ NQRZQ DV )XOOVFDOH +LJKOHYHO :DVWH (QJLQHHUHG %DUULHU ([SHULPHQW
)(%(; SURMHFW KDV EHHQ XQGHUZD\ VLQFH  DW *ULPVHO XQGHUJURXQG UHVHDUFK
ODERUDWRU\LQ6ZLW]HUODQGZLWKSDUWLFLSDWLRQIURP6SDLQ)LJXUH7KHZKROH*ULPVHO
WHVW VLWH LV DQ LQWHUQDWLRQDO FROODERUDWLRQ RI VHYHUDO FRXQWULHV QDPHO\ 6ZLW]HUODQG
*HUPDQ\ )UDQFH -DSDQ 6ZHGHQ 6SDLQ 7DLZDQ &]HFK 5HSXEOLF DQG 86$ 7KH
)(%(; SURMHFW GHPRQVWUDWHV WKH IHDVLELOLW\ RI HQJLQHHUHG EDUULHU V\VWHP IRU +/:
GLVSRVDO DQG VWXGLHV IRFXVVLQJ RQ WKHUPRK\GURPHFKDQLFDO 7+0 DQG WKUPRK\GUR
JHRFKHPLFDO 7+* FRXSOHG SURFHVVHV LQ WKH UHDO VLWXDWLRQ $Q LQVLWX WHVW LV EHLQJ
XQGHUWDNHQ LQ WKH QRUWKHUQ ]RQH RI WKH WHVW VLWH )LJXUH  XSRQ ZKLFK D SUHGLFWLYH
PRGHOOLQJ KDV EHHQ SHUIRUPHG WR EDFNFDOFXODWH WKH UHVXOWV REWDLQHG IURP WKH ILHOG
PHDVXUHPHQWV$VPDOOHUPRFNXSWHVW)LJXUHLVDOVREHLQJFDUULHGRXWDW&,(0$7
6SDLQ IRU WKH VDPHSXUSRVHV ,QERWKH[SHULPHQWV WHPSHUDWXUH VZHOOLQJSUHVVXUH IOXLG

&KDSWHU5DGLRDFWLYHDQGWR[LFZDVWHGLVSRVDOIDFLOLWLHVLQ*HUPDQ\DQGRWKHUFRXQWULHV

SUHVVXUH UHODWLYH KXPLGLW\ DQG GHIRUPDWLRQ ZHUH UHFRUGHG %HVLGHV WKHPRFNXS WHVW
ODERUDWRU\ WHVWV ZHUH DOVR SHUIRUPHG WR SURYLGH EDVLF SDUDPHWHUV UHTXLUHG IRU WKH
QXPHULFDO PRGHOOLQJ )(%(;  $OO WKHVH VWXGLHV ZHUH FDUULHG RXW RQ )(%(;
EHQWRQLWHDEHQWRQLWHIURP$OPHUtD6SDLQDVXVHGLQWKHIRUPRIFRPSDFWHGEORFNV

)LJXUH%XIIHU0DVV7HVW%07FRQGXFWHGDW6WULSD3XVFKHWDO
$SDUWIURPWKHVHWZRPXOWLQDWLRQDOSURMHFWVLQ(XURSHPDQ\LQGLYLGXDOLQVWLWXWLRQV
DQG XQLYHUVLWLHV KDYH DOVR SHUIRUPHG VWXGLHV RQ WKH VDPH VXEMHFWV %HIRUH WKH
FRPPHQFHPHQWRI)(%(;SURMHFW6ZLW]HUODQG¶VUHSUHVHQWDWLYHIRUWKHSURMHFW1$*5$
KDG SHUIRUPHG VHSDUDWH LQYHVWLJDWLRQV RQ0; EHQWRQLWH DQG D QDWXUDO FDOFLXPW\SH
EHQWRQLWHIURPVRXWKHUQSDUWRI*HUPDQ\0RQWLJHOQRZ&DOFLJHO6FKPLGWHWDO
7KH LQYHVWLJDWLRQV FRQVLVWHG RI SK\VLFDO SURSHUWLHV FKDUDFWHULVDWLRQ DQG DOVR VWLIIQHVV
0OOHU9RQPRRV DQG .DKU  6WXGHU HW DO  %UHQQHU  VZHOOLQJ DQG
VKULQNDJH%XFKHUDQG6SLHJHO%XFKHUHWDO%XFKHUHWDO.DKUHWDO
.UDHKHQEXHKO HW DO %UHQQHU *UDXHU +DVHQSDWW 3XVFK
DQG*YHQ+DDVOLTXLGWUDQVSRUWPHFKDQLVPV%XFKHUDQG6SLHJHO
3XVFK%XFKHUHWDODVZHOODVWKHWLPHGHSHQGHQWEHKDYLRXUFKHPLFDODQG
FKHPLFDO SURFHVV FKDUDFWHULVDWLRQ 0OOHU9RQPRRV DQG .DKU  :DQQHU 
0LORGRZVNLHWDO0OOHU9RQPRRVHWDO
)URP DFDGHPLF LQVWLWXWLRQV WKH 3RO\WHFKQLFV 8QLYHUVLW\ RI &DWDORQLD 83& LQ
6SDLQ IRU LQVWDQFH KDV EHHQ SHUIRUPLQJ LQWHQVLYH UHVHDUFK RQ WKH K\GURWKHUPR
PHFKDQLFDO FKDUDFWHULVDWLRQ RI FRPSDFWHG %RRP FOD\ FRPSDFWHG EHQWRQLWH DQG
FRPSDFWHGEHQWRQLWHVDQGPL[WXUHV7KHUHVHDUFKLQFOXGHVVZHOOLQJSUHVVXUHLQYHVWLJDWLRQ
DV DIIHFWHG E\ WHPSHUDWXUH VRLOZDWHU FKDUDFWHULVWLF FXUYHV FRPSUHVVLELOLW\ VKHDU
VWUHQJWKV DQG VDWXUDWHG DV ZHOO DV XQVDWXUDWHG SHUPHDELOLWLHV $ FRPSXWHU SURJUDP
QDPHG &2'(B%5,*+7 KDV SXUSRVHO\ EHHQ GHYHORSHG WR QXPHULFDOO\ DQDO\VH WKH
SHUIRUPDQFHRIEXIIHUPDWHULDOVLQWKHILHOGEDVHGRQWKHH[SHULPHQWDOGDWD

&KDSWHU5DGLRDFWLYHDQGWR[LFZDVWHGLVSRVDOIDFLOLWLHVLQ*HUPDQ\DQGRWKHUFRXQWULHV


)LJXUH,QVLWXWHVWDWWKH*ULPVHOXQGHUJURXQGODERUDWRU\*ULPVHO

)LJXUH/D\RXWRIWKHPRFNXSWHVWIRU)(%(;SURMHFW*ULPVHO
,Q )UDQFH VHYHUDO XQLYHUVLWLHV VXFK DV (FROH 1DWLRQDOH GHV 3RQWV HW &KDXVVpHV
(13& DQG ,QVWLWXW1DWLRQDO3RO\WHFKQLTXH GH/RUUDLQH ,13/ KDYH EHHQ FRQGXFWLQJ
LQYHVWLJDWLRQVRQEHQWRQLWHDQGEHQWRQLWHVDQGPL[WXUHVIRUWKHXVHDVVHDOLQJDQGEXIIHU
HOHPHQWV IRU QXFOHDU GLVSRVDO V\VWHPV5HVHDUFK VWXGLHV DW(13&KDYHEHHQSHUIRUPHG
PDLQO\ RQ FRPSUHVVLELOLW\ DQG YROXPH FKDQJH EHKDYLRXU RI FRPSDFWHG H[SDQVLYH
PDWHULDO LH EHQWRQLWH DQG RWKHU FOD\V XSRQ ZKLFK D PRGHO IRU YROXPH FKDQJH RI
H[SDQVLYHVRLOZDVSURSRVHG &XLHWDOE&RPSOLPHQWDULO\ VWXGLHVFRQGXFWHGDW
,13/ IRFXV RQ K\GURPHFKDQLFDO WKHUPRPHFKDQLFDO DQG K\GURFKHPLFDO
FKDUDFWHULVDWLRQ RI XQVDWXUDWHGEHQWRQLWHVLOWPL[WXUH LQFOXGLQJ D VWXG\RI WKH HIIHFW RI
DJLQJRQWKHPDWHULDOEHKDYLRXU&XLVLQLHUDQG0DVURXUL
 5HFHQWO\ &HQWUH RI ([SHULPHQWDO *HRWHFKQLFV &7( DW WKH &]HFK 7HFKQLFDO
8QLYHUVLW\&78KDVVHWXSDPRFNXSWHVWLQZKLFKEHQWRQLWHEDVHGPDWHULDOLQDIRUP
RIFRPSDFWHGEORFNVDUHXVHG)LJXUH7KHPDWHULDOXQGHULQYHVWLJDWLRQLVDPL[WXUH
RIEHQWRQLWHVLOLFDVDQGDQGJUDSKLWHE\GU\PDVV7KHUHVXOWLQJFRPSDFWHG
EORFNVDIWHUVWDWLFFRPSDFWLRQKDYHDGU\GHQVLW\RI0JP6HYHUDOVHQVRUVKDYHEHHQ
LQVWDOOHGLQDWWHPSWWRPHDVXUHWHPSHUDWXUHZDWHUFRQWHQWDQGGHYHORSPHQWRIVZHOOLQJ
SUHVVXUHZLWKWLPHGXULQJH[SHULPHQW&(*

&KDSWHU5DGLRDFWLYHDQGWR[LFZDVWHGLVSRVDOIDFLOLWLHVLQ*HUPDQ\DQGRWKHUFRXQWULHV


)LJXUH/D\RXWRIWKHPRFNXSWHVWDW&(*&]HFK5HSXEOLF&(*
 5HFHQW6WXGLHVRQ%HQWRQLWH%DVHG0DWHULDOVLQ*HUPDQ\
,Q*HUPDQ\ UHVHDUFK VWXGLHV RQ WKH FKDUDFWHULVDWLRQ RI EHQWRQLWHEDVHGPDWHULDOV
KDYHEHHQSHUIRUPHGDORQJZLWKWKHLQYHVWLJDWLRQVFDUULHGRXWSHUWDLQLQJWRWKHIHDVLELOLW\
VWXGLHVIRUWKHSODQQHGILQDOUHSRVLWRU\DW*RUOHEHQDQGDOVRE\LQGLYLGXDOXQLYHUVLWLHVDQG
UHVHDUFKLQVWLWXWLRQV7KHVWXG\FRQGXFWHGDWWKH*RUOHEHQUHSRVLWRU\PDLQO\FRQVLVWHGRI
K\GURJHRORJLFDODQGJHRSK\VLFDOLQYHVWLJDWLRQV6XEVHTXHQWO\DQXPEHURIXQLYHUVLWLHV
DQG LQVWLWXWLRQV KDYH EHHQ LQWHQVLYHO\ FDUU\LQJ RXW PRUH GHHSO\ UHVHDUFK RQ WKH
FKDUDFWHULVDWLRQ RI EHQWRQLWHEDVHGPDWHULDOV WKDW DUH SODQQHG WR EH XVHG DV EXIIHU DQG
VHDOLQJPDWHULDOVIRUWKHILQDO+/:UHSRVLWRU\LQWKHFRXQWU\
,Q WKH 7HFKQLFDO8QLYHUVLW\ RI )UHLEHUJ 78)UHLEHUJ 6LW]  SHUIRUPHG DQ
LQYHVWLJDWLRQRQVHYHUDOEHQWRQLWHEDVHGPDWHULDOVLQFOXGLQJ&DOFLJHODQG0;IRUWKH
ORQJWLPH VWDELOLW\ RI WKH PDWHULDOV ZKHQ XVHG DV EXIIHU DQG VHDOLQJ PDWHULDOV IRU WKH
+/: UHSRVLWRU\ LQ VDOLQH HQYLURQPHQW LH VDOWVWRQH IRUPDWLRQ7KH UHVHDUFK VWXGLHV
FRPSRVHGRIPHDVXUHPHQWVRI WKHPD[LPXPVZHOOLQJSUHVVXUHVXVLQJGLIIHUHQW OLTXLGV
PHDVXUHPHQW RI FRHIILFLHQWV RI SHUPHDELOLW\ ZLWK GLIIHUHQW SHUPHDWLQJ OLTXLGV DQG
PHDVXUHPHQW RI VKHDU VWUHQJWKV7KH H[SHULPHQWDO GDWD IRU GLIIHUHQW GU\ GHQVLWLHVZHUH
SUHVHQWHG LQ6LW] )ROORZLQJ WKDW DPRFNXS WHVWZDVVHWXSDWD ORFDWLRQ LQ WKH
FLW\RI6RGHUVKDXVHQDLPLQJDWLQYHVWLJDWLQJUHVSRQVHRIWKHUHSRVLWRU\FRQVWUXFWLRQDVD
ZKROH WR PHFKDQLFDO DQG K\GUDXOLF ORDGLQJV DQG LQWHUDFWLRQ EHWZHHQ WKH UHSRVLWRU\
FRQVWUXFWLRQ DQG WKH VDOLQH HQYLURQPHQW 6LW]  7KH VWXG\ GLG QRW IRFXV RQ WKH
WHPSHUDWXUHLQIOXHQFHZKLFKLQIDFWFKDQJHVWKHSURSHUWLHVRIEHQWRQLWHVDQGEULFNVXVHG
DQGDIIHFWVWKHORQJWHUPVWDELOLW\RIWKHZKROHUHSRVLWRU\
7KH 6RQGHUVKDXVHQ FRQVWUXFWLRQ ZDV GHVLJQHG EDVHG RQ FULWHULD DV GHVFULEHG E\
:LWWNHDQG:LWWNHHWDO7KHSURSRVHGFRQFHSWZDVSODQQHGWREHDGRSWHG
DV D JHQHUDO FRQFHSW RI UDGLRDFWLYH DQG KD]DUGRXV ZDVWH GLVSRVDO EDUULHU LQ *HUPDQ\

&KDSWHU5DGLRDFWLYHDQGWR[LFZDVWHGLVSRVDOIDFLOLWLHVLQ*HUPDQ\DQGRWKHUFRXQWULHV

)LJXUH  7KH OD\RXW RI WKH 6RQGHUVKDXVHQPRFNXS WHVW LV VKRZQ LQ )LJXUH 
$FFRUGLQJWR WKLVFRQFHSW WKHVHDOLQJFRQVWUXFWLRQVKRXOGEHDEOH WRFDUU\DQ\SRVVLEOH
ORDGLQJV DQG VKRXOG EH LPSHUPHDEOH HQRXJK WR UHWDUG IORZV RI DQ\ OLTXLGV RU JDVVHV
GXULQJLWVRSHUDWLRQ7KHLQLWLDOLQWULQVLFSHUPHDELOLW\RIWKHVHDOLQJDQGEXIIHUHOHPHQWV
VKRXOGEHDVORZDV[PDQGWKHFDQLVWHUPDWHULDOVKRXOGEHUHVLVWDQWWRFRUURVLRQ
WKDWPD\UHVXOWIURPDJJUHVVLYHVDOWVROXWLRQIURPWKHVXUURXQGLQJKRVWURFNV,QDGGLWLRQ
HVFDODWHGWHPSHUDWXUHXSWRR&GXULQJWKHRSHUDWLRQVWDJHDQGDVKLJKDVR&LQWKH
SRVWRSHUDWLRQVWDJHRI WKHFRQVWUXFWLRQPXVWEHFRQVLGHUHG WR LQIOXHQFHVWDELOLW\RI WKH
ZKROH FRQVWUXFWLRQ %DVHG RQ WKHVH FULWHULD H[FHSW WKH WHPSHUDWXUH LQIOXHQFH
FRQVLGHUDWLRQ WKH UHSRVLWRU\ FRQVWUXFWLRQ ZDV SUHVVXULVHG ZLWK VDOW VROXWLRQV DQG LWV
UHVSRQVHV E\ PHDQV RI FKDQJHV LQ ZDWHU FRQWHQW DQG UHODWLYH KXPLGLW\ VWUHVVHV DQG
GHIRUPDWLRQVDQGIORZRIWKHVROXWLRQVZHUHPHDVXUHG
3DUDOOHO WR WKH DERYHPHQWLRQHG VWXGLHV D VHULHV RI LQYHVWLJDWLRQ RQ SK\VLFR
FKHPLFDO SURSHUWLHV RI VHYHUDO EHQWRQLWHV KDV EHHQ XQGHUWDNHQ E\ *HVHOOVFKDIW IU
$QODJHQXQG5HDNWRUVLFKHUKHLW*56PE+7KHPDLQREMHFWLYHVRIWKHLQYHVWLJDWLRQZHUH
WR FKDUDFWHULVH WKH SK\VLFRFKHPLFDO FKDUDFWHULVWLFV RI 0; DQG &DOFLJHO EHQWRQLWHV
DQG VDOW VWRQH LQFOXGLQJ WKH VZHOOLQJEHKDYLRXU RI WKHPDWHULDOVZLWK UHVSHFW WR VHYHUDO
OLTXLGV WKDWPD\EHHQFRXQWHUHG LQ WKH UHDO ILHOG VLWXDWLRQV +HUEHUWDQG0RRJD
6ZHOOLQJ SUHVVXUHV RI WKH PDWHULDOV DJDLQVW VHYHUDO VDOW DQG JUDQLWLF VROXWLRQV ZHUH
GHWHUPLQHG XVLQJ D QHZO\ GHYHORSHG VZHOOLQJ SUHVVXUH HTXLSPHQW $ PRGHO RI FDWLRQ
H[FKDQJHGXULQJSHUPHDWLRQRIEHQWRQLWHVZLWKWKHVROXWLRQVZDVDOVRSURSRVHG

)LJXUH1XFOHDUDQGKD]DUGRXVZDVWHGLVSRVDOEDUULHUFRQFHSWLQ*HUPDQ\
+HUEHUWDQG0RRJE

&KDSWHU5DGLRDFWLYHDQGWR[LFZDVWHGLVSRVDOIDFLOLWLHVLQ*HUPDQ\DQGRWKHUFRXQWULHV


)LJXUH/D\RXWRIWKH6RQGHUVKDXVHQPRFNXSWHVW6LW]
%HVLGHV WKH H[SHULPHQWDO FKDUDFWHULVDWLRQ RI SRWHQWLDO PDWHULDOV IRU WKH ZDVWH
GLVSRVDO VHDOLQJ DQG EXIIHU HOHPHQWV QXPHULFDO LQYHVWLJDWLRQV DUH DOVR SHUIRUPHG DQG
IRFXVPDLQO\RQWKHSUHGLFWLRQRIWKHORQJWHUPSHUIRUPDQFHRIWKHVHDOLQJPDWHULDODQG
WKHZKROHVHDOLQJFRQVWUXFWLRQ$FRPSXWHUSURJUDPFDOOHGDV5RFN)ORZ&+0;LHHW
DO  KDV EHHQ FRGHG IRU WKLV SXUSRVH $ SUHOLPLQDU\ DVVHVVPHQW RI WKH FRPSXWHU
FRGHWRFDOFXODWHVZHOOLQJDQGVKULQNLQJRIDEHQWRQLWHEDVHGPDWHULDODQGFKDQJHVLQWKH
GHJUHH RI VDWXUDWLRQ DV ZHOO DV YRLG UDWLR GXULQJ ZHWWLQJ DQG GU\LQJ F\FOHV KDV EHHQ
SHUIRUPHGDQGSUHVHQWHG;LHHWDO
 )RFXVRI&XUUHQW,QYHVWLJDWLRQ
&XUUHQW LQYHVWLJDWLRQ DW WKH /DERUDWRU\ RI 6RLO 0HFKDQLFV %DXKDXV8QLYHUVLW\
:HLPDU DV EURXJKW RXW SDUWO\ LQ WKLV GLVVHUWDWLRQ IRFXVHV RQ WKH K\GURPHFKDQLFDO
FKDUDFWHULVDWLRQ RI EHQWRQLWHEDVHG PDWHULDOV LH &DOFLJHOVDQG PL[WXUHV WKDW FDQ
SRWHQWLDOO\EHXVHGDVVHDOLQJDQGEXIIHUHOHPHQWVLQWKHQXFOHDUZDVWHGLVSRVDOIDFLOLWLHV
LQ *HUPDQ\ 7KH VWXG\ LQYROYHV UHVHDUFK RQ WKH PDWHULDO EHKDYLRXU LQ WKH OLJKW RI
JHRWHFKQLFDO HQJLQHHULQJ DVSHFWV LQFOXGLQJ FKDUDFWHULVDWLRQ RI WKHPDWHULDO DW VDWXUDWHG
DQGXQVDWXUDWHGVWDWHV7KHVWXG\DOVRIRFXVHVRQLGHQWLI\LQJVHYHUDOSDUDPHWHUVWKDWFDQ
EH XVHG IRU WKH SUHGLFWLRQ RI VWDELOLW\ RI WKH UHSRVLWRU\ FRQVWUXFWLRQ 7KH GHWDLOHG
LQIRUPDWLRQ RQ UHVHDUFK REMHFWLYHV DQG VFRSHV KDV EHHQ JLYHQ LQ &KDSWHU  DQG
H[SHULPHQWDOSURJUDPSODQQHGIRUWKHVWXG\FDQEHIRXQGLQ&KDSWHU


&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

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 *HQHUDO
 7KLV FKDSWHU GLVFXVVHV WKHRULHV WKDW DUH UHOHYDQW WR WKH LQYHVWLJDWLRQ LQWR K\GUR
PHFKDQLFDO EHKDYLRXU RI FRPSDFWHG EHQWRQLWHVDQG PL[WXUHV 7KH SK\VLFRFKHPLFDO
FKDUDFWHULVWLFV RI FOD\ DQG EHQWRQLWH DUH GHVFULEHG 'HVFULSWLRQ RI WKH PHFKDQLVPV
SHUWDLQLQJ WR WKH K\GURPHFKDQLFDO SURFHVVHV ZKLFK PD\ EH HQFRXQWHUHG E\ WKH
FRPSDFWHGEHQWRQLWHVDQGPL[WXUHVLVDOVRSURYLGHG
 7KH K\GURPHFKDQLFDO EHKDYLRXU RI FRPSDFWHG EHQWRQLWHVDQGPL[WXUHV RU RWKHU
H[SDQVLYH VRLOV LV LQIOXHQFHG E\ EHKDYLRXU RI WKH VRLO DW PLFURVFRSLF OHYHO 7KH
EHKDYLRXUDWWKLVVFDOHVLJQLILHVWKHVRLOEHKDYLRXUXQGHUVDWXUDWHGFRQGLWLRQV*HQVDQG
$ORQVR  8QGHU XQVDWXUDWHG FRQGLWLRQV WKH SUHVHQFH RI DLU LQIOXHQFHV WKH
PDFURVFRSLFK\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV7KHUHIRUHLWLVQHFHVVDU\WR
SURYLGH VHSDUDWH GHVFULSWLRQV RI WKH EHKDYLRXU RI H[SDQVLYH VRLOV XQGHU VDWXUDWHG DQG
XQVDWXUDWHGVWDWHV
 3K\VLFR&KHPLFDO&KDUDFWHULVWLFVRI&OD\DQG%HQWRQLWH
 6RLO JHQHUDOO\ FRQVLVWV RI WKUHH SKDVHV QDPHO\ VROLG SKDVHZDWHU SKDVH DQG DLU
SKDVH)UHGOXQGDQG0RUJHQVWHUQLQWURGXFHGWKHIRXUWKSKDVHRIWKHVRLOZKLFKLV
FDOOHGFRQWUDFWLOHVNLQ LQDQDO\VLQJDQXQVDWXUDWHGVRLOHOHPHQW7KHSURSHUWLHVRIDVRLO
GHSHQGPDLQO\RQWKHSURSHUWLHVRILWVVROLGDQGZDWHUSKDVHVDQGWKHLQWHUDFWLRQEHWZHHQ
WKHP 7KH VROLG SKDVH FRQVLVWV RI GLIIHUHQW IUDFWLRQV WKDW FDQ UDQJH IURP JUDYHO DQG
ERXOGHUV WRFOD\SDUWLFOHV ,WKDV ORQJEHHQNQRZQWKDWGHVSLWH LWVVL]H WKHFOD\IUDFWLRQ
KDVDQLPSRUWDQWUROHLQFRQWUROOLQJWKHEHKDYLRXURIDVRLO0LWFKHOO
 3XUH FOD\V FDQ EH FODVVLILHG LQWR WZR PDLQ JURXSV QDPHO\ H[SDQVLYH
PRQWPRULOORQLWLFFOD\VDQGQRQH[SDQVLYHNDROLQLWLFDQGLOOLWLFFOD\V7KHLOOLWLFFOD\V
DUHSUHVHQWLQPXFKVPDOOHUTXDQWLWLHVFRPSDUHGWRRWKHUFOD\VLHWKHPRQWPRULOORQLWLF
DQGNDROLQLWLFFOD\V0LWFKHOO,QVLWXSXUHFOD\VDUHFRPPRQO\IRXQGLQWKHIRUP
RIPL[WXUHRIWKHWZRJURXSV%RWKWKHPRQWPRULOORQLWLFDQGNDROLQLWLFFOD\VDUHSULPDULO\
FRPSRVHG E\ FU\VWDOOLQH PLQHUDOV 7KH FRPSRQHQWV WKDW IRUP WKH FOD\ PLQHUDOV DUH
VLOLFRQ DOXPLQXP IHUURXV DQG IHUULF LRQ PDJQHVLXP R[\JHQ DQG K\GUR[\OV )DFWRUV
DIIHFWLQJWKHFKDUDFWHULVWLFVRISXUHFOD\VDUHVWUXFWXUHPLQHUDORJ\DQGIDEULFRIWKHFOD\
DQGFOD\ZDWHULQWHUDFWLRQ

&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

 6WUXFWXUHDQG0LQHUDORJ\
 7KHVWUXFWXUHRIFOD\VPDLQO\FRQVLVWVRIDUUDQJHPHQWVRIVLOLFDDQGDOXPLQDXQLWV
)LJXUH  7KH VLOLFD XQLW LV FRPSRVHG E\ D VLOLFRQ DWRP 6L VXUURXQGHG E\ IRXU
R[\JHQDWRPVIRUPLQJDWHWUDKHGURQZLWK6LDWWKHFHQWHU7KHDOXPLQDXQLWFRPSULVHVDQ
DOXPLQXPDWRP$ODQGVL[K\GUR[\OVLQDQRFWDKHGUDOFRRUGLQDWLRQ7KHDUUDQJHPHQWRI
VLOLFDWHWUDKHGUDODQGDOXPLQDRFWDKHGUDOXQLWVLQIOXHQFHWKHFKDUDFWHULVWLFVRIFOD\VRLOV
7KHWZRPDLQJURXSVRIFOD\LH WKHPRQWPRULOORQLWLFDQGWKHNDROLQLWLFFOD\VEHKDYH
TXLWH GLIIHUHQWO\ RQH IURP WKH RWKHU XQGHU SK\VLFRFKHPLFDO FKDQJHV LQGXFHG E\
HQYLURQPHQW 6ULGKDUDQ DQG 3UDNDVK  7KH PRQWPRULOORQLWLF FOD\V H[KLELW PXFK
JUHDWHUVZHOOLQJXQGHUZDWHULPELELWLRQVWKDQWKHNDROLQLWLFFOD\V
 'XH WR LWV VZHOOLQJ FDSDELOLW\ EHQWRQLWH LV FRPPRQO\ FDWHJRULVHG DV
PRQWPRULOORQLWLF FOD\ %HQWRQLWH PDLQO\ FRQVLVWV RI VPHFWLWH PLQHUDO ZKLFK LV DQ
DUUDQJHPHQWRIRQHDOXPLQDRFWDKHGUDO OD\HUVDQGZLFKHGEHWZHHQ WZRVLOLFD WHWUDKHGUDO
OD\HUV )LJXUH7KLV W\SHRIDUUDQJHPHQW LVFRQWLQXRXV LQ WKH ODWHUDODQGKRUL]RQWDO
GLUHFWLRQV DQG VWDFNHG RQH DERYH DQRWKHU LQ WKH YHUWLFDO GLUHFWLRQ %RQGLQJ EHWZHHQ
OD\HUVLVSURYLGHGE\YDQGHU:DDOVIRUFHVDQGE\FDWLRQV7KHVHW\SHVRIERQGDUHZHDN
DQGFDQEHHDVLO\EURNHQE\DEVRUSWLRQRIZDWHURURWKHUSRODUOLTXLGV0LWFKHOO,Q
EHWZHHQWKHVWDFNVWKHUHH[LVWH[FKDQJHDEOHFDWLRQVZKLFKEDODQFHWKHQHJDWLYHFKDUJHRI
WKH XQLW OD\HUV UHVXOWLQJ IURP LVRPRUSKRXV VXEVWLWXWLRQV LQ WKH RFWDKHGUDO VKHHWV DQG
SRVVLEO\ XQLW OD\HUV RIZDWHU +2 7KH LVRPRUSKRXV VXEVWLWXWLRQ RFFXUVZKHQ VLOLFRQ
DWRPV LQ D WHWUDKHGUDO OD\HU DUH VXEVWLWXWHG E\ DOXPLQLXP DWRPV RU ZKHQ DOXPLQLXP
DWRPV LQ DQ RFWDKHGUDO OD\HU DUH UHSODFHG E\PDJQHVLXPRU RWKHU GLYDOHQW DWRPV$V D
UHVXOWWKHWHWUDKHGUDOOD\HURUWKHRFWDKHGUDOOD\HUEHFRPHVQHJDWLYHO\FKDUJHG
 7ZR SURSHUWLHV FRQWUROOLQJ WKH EHKDYLRXU RI FOD\V DUH VSHFLILF VXUIDFH DUHD DQG
FDWLRQ H[FKDQJH FDSDFLW\ 7KH VSHFLILF VXUIDFH DUHD 66$ RI D VRLO LV GHILQHG DV WKH
VXUIDFHDUHDRIRQHJUDPRI VRLOGU\PDVVDQGKDVDXQLWRIPJ7KHFDWLRQH[FKDQJH
FDSDFLW\&(&RIDFOD\LVGHILQHGDVDQDELOLW\RIWKHFOD\WRUHWDLQFDWLRQV7KH&(&KDV
DXQLWRIPHTJ7KHH[FKDQJHDEOHFDWLRQVSUHVHQWLQDFOD\RUWKH&(&YDOXHDQGWKH
66$YDOXHRIDFOD\DUHUHIOHFWHGLQLWVOLTXLGOLPLW1DJDUDMDQG0LXUD7KHUHIRUH
WKH OLTXLG OLPLW LQGLUHFWO\ UHSUHVHQWV WKH VZHOOLQJ FDSDELOLW\ RI WKH FOD\ LQ WHUPV RI
VZHOOLQJ SRWHQWLDO DQG VZHOOLQJ SUHVVXUH $ VRGLXP PRQWPRULOORQLWH RU D VRGLXP
EHQWRQLWHLQZKLFKVRGLXPLRQ1DLVLWVSUHGRPLQDQWH[FKDQJHDEOHFDWLRQKDVDKLJKHU
&(&DQG D ODUJHU66$FRPSDUHG WR D FDOFLXPEHQWRQLWHZLWK FDOFLXP LRQ &D DV LWV
SUHGRPLQDQWH[FKDQJHDEOHFDWLRQ0LWFKHOO&RQVHTXHQWO\ WKHOLTXLGOLPLWRI WKH
VRGLXPEHQWRQLWHLVKLJKHUWKDQWKDWRIWKHFDOFLXPEHQWRQLWH

&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV


D

E
)LJXUH6LOLFDDQGDOXPLQDXQLWVFRPSRVLQJDFOD\XQLW0LWFKHOODVLOLFD
WHWUDKHGURQDQGVLOLFDWHWUDKHGUDODUUDQJHPHQWDQGEDOXPLQDRFWDKHGURQDQGDOXPLQD
RFWDKHGUDODUUDQJHPHQW 


)LJXUH6FKHPDWLFGLDJUDPRIPRQWPRULOORQLWH0LWFKHOO
 )DEULF
 7KHVRLOIDEULFLVGHILQHGDVWKHDUUDQJHPHQWRIVRLOSDUWLFOHVJURXSVRISDUWLFOHDQG
SRUHVLQWKHVRLO0LWFKHOO)DEULFLVFRUUHODWHGZLWKVRLOSDUWLFOHDVVRFLDWLRQV7KH
VRLOSDUWLFOHDVVRFLDWLRQVH[LVWLQDFOD\VXVSHQVLRQDQGLQDVRLODVDPXOWLJUDLQHGIDEULF
9DQ 2OSKHQ  GLYLGHG SDUWLFOH DVVRFLDWLRQV LQ FOD\ VXVSHQVLRQV LQWR IRXU PDLQ

&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

FDWHJRULHV7KHILUVWFDWHJRU\LVGLVSHUVHGDUUDQJHPHQWZKHUHQRIDFHWRIDFHDVVRFLDWLRQ
RI FOD\ SDUWLFOHV H[LVWV 7KH VHFRQG FDWHJRU\ LV DJJUHJDWHG DUUDQJHPHQW ZKHUH VHYHUDO
FOD\SDUWLFOHVDUHJURXSHGZLWK IDFHWRIDFHDVVRFLDWLRQ WR IRUPDQDJJUHJDWH7KH WKLUG
FDWHJRU\ LV IORFFXODWHGDUUDQJHPHQWZKHUHHGJHWRHGJHDQGHGJHWRIDFHDVVRFLDWLRQRI
DJJUHJDWHVH[LVW7KHODVWFDWHJRU\LVGHIORFFXODWHGDUUDQJHPHQWZKHUHQRDJJUHJDWLRQVRI
FOD\ SDUWLFOHV H[LVW 7KUHH RWKHU PRGHV RI DVVRFLDWLRQ FDQ H[LVW ZKLFK DUH PDLQO\
FRPELQDWLRQVRIWKHPDLQW\SHVRIFOD\SDUWLFOHDVVRFLDWLRQ)LJXUH


D

E


F G

H I

J

)LJXUH7\SHVRISDUWLFOHDVVRFLDWLRQVLQFOD\VXVSHQVLRQVYDQ2OSKHQD
GLVSHUVHGGHIORFFXODWHGEDJJUHJDWHGGHIORFFXODWHGFGLVSHUVHGHGJHWRIDFH
IORFFXODWHGGGLVSHUVHGHGJHWRHGJHIORFFXODWHGHDJJUHJDWHGHGJHWRIDFH
IORFFXODWHGIDJJUHJDWHGHGJHWRHGJHIORFFXODWHGDQGJDJJUHJDWHGHGJHWRIDFHDQG
HGJHWRHGJHIORFFXODWHG
 &ROOLQV DQG 0F*RZQ  SUHVHQWHG VHYHUDO W\SHV RI SDUWLFOH DVVRFLDWLRQV RI
VRLOV,WZDVVWDWHGWKDWWKHVLQJOHJUDLQHGIXOO\GLVSHUVHGIDEULFFDQQRWEHIRXQGLQILQH
JUDLQHGVRLOVRUFOD\V7KHFOD\SDUWLFOHVDOZD\VIRUPPXOWLJUDLQHGDJJUHJDWHV$FOD\
VRLO ZDV IRXQG WR FRQVLVW RI HOHPHQWDU\ IDEULF DUUDQJHPHQWV SDUWLFOH DVVHPEODJHV DQG
SRUH VSDFHV%DVHGRQ WKLV0LWFKHOO  GLYLGHG WKH IDEULF RI VRLO LQWR WKUHH VFDOHV
QDPHO\PLFURIDEULFPLQLIDEULFDQGPDFURIDEULF7KHPLFURIDEULFRIDVRLOFRQVLVWVRI
UHJXODU DJJUHJDWLRQV RI VRLO SDUWLFOHV DQG VPDOO SRUHVZLWKLQ WKH DJJUHJDWHV 7KHPLQL
IDEULFLVFRPSRVHGRIDJJUHJDWLRQVRIWKHPLFURIDEULFDQGSRUHVLQDODUJHUVFDOHZKLFK
DUH FDOOHG LQWUDDVVHPEODJH SRUHV 7KH PDFURIDEULF RI D FOD\ VRLO FRQWDLQV FUDFNV
ILVVXUHVDQGRWKHUVWUXFWXUHVWKDWDUHFDOOHGWUDQVDVVHPEODJHSRUHV7KHPD[LPXPVL]HRI
PLFURIDEULF LVD IHZ WHQVRIPLFURPHWHUVZKHUHDV WKHPLQLIDEULFKDVDVL]HRIXS WRD
IHZKXQGUHGVRIPLFURPHWHUV
  <RQJVXJJHVWHGDVWUXFWXUHDQGSRUHKLHUDUFK\RIH[SDQVLYHFOD\VEDVHGRQ
ZDWHUSRWHQWLDOFRQFHSWVHH6XEFKDSWHU,WZDVVWDWHGWKDWWKHVPDOOHVWXQLWRID

&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

FOD\ZDVWKHFOD\XQLWOD\HU6HYHUDOFOD\XQLWOD\HUVIRUPHGDFOD\XQLWSDUWLFOHDQG
VHYHUDO FOD\ XQLW SDUWLFOHV FRQVWLWXWHG D FOD\ SHG ZLWK PLFURSRUHV $FFRUGLQJ WR WKH
PRGHOE\<RQJDFOD\FOXVWHULVDQDVVHPEODJHRIVHYHUDOFOD\SHGVZKHUHPDFUR
SRUHVDUHORFDWHGLQEHWZHHQ0LFURSRUHVDUHWKHSRUHVLQDVPDOOHUVFDOHLHSRUHVLQ
WKHFOD\SHGV7KHPLFURDQGPDFURSRUHVLQWHUDFWHDFKRWKHULQUHVSRQVHWRDQ\K\GUR
PHFKDQLFDOSURFHVVHVLPSRVHGWRWKHH[SDQVLYHVRLO
 &OD\3RUH)OXLG,QWHUDFWLRQ
 7KHLQWHUDFWLRQEHWZHHQPLFURDQGPDFURSRUHVLVPDLQO\JRYHUQHGE\PRYHPHQW
RISRUHIOXLGLHZDWHULQWRDQGRXWRIWKHPDFURSRUHVDQGWKHLQWHUDFWLRQEHWZHHQWKH
FOD\SDUWLFOHV DQGZDWHU7KH LQWHUDFWLRQEHWZHHQ FOD\SDUWLFOHV DQGZDWHU LV FDXVHGE\
XQEDODQFHGIRUFHVDWWKHLQWHUIDFHEHWZHHQVRLODQGZDWHU'LVVROYHGLRQVWKDWDUHSUHVHQW
LQ WKH EXON VRLOZDWHU DOVR FRQWULEXWH WR WKH FOD\ZDWHU LQWHUDFWLRQ /RZ  DQG
0LWFKHOOGHVFULEHGVHYHUDOSRVVLEOHPHFKDQLVPVRIWKHFOD\ZDWHULQWHUDFWLRQ7KH
SRVVLEOH FOD\ZDWHU LQWHUDFWLRQ PHFKDQLVPV DUH K\GURJHQ ERQGLQJ K\GUDWLRQ RI
H[FKDQJHDEOHFDWLRQVRVPRWLFDWWUDFWLRQFKDUJHGVXUIDFHGLSROHDWWUDFWLRQDQGDWWUDFWLRQ
FDXVHGE\/RQGRQGLVSHUVLRQIRUFHVRUYDQGHU:DDOVERQGV
 7KHK\GURJHQERQGLQJ LV IRUPHGGXH WR WKHSUHVHQFHRIR[\JHQVRUK\GUR[\OVRQ
WKHVXUIDFHRIFOD\PLQHUDOV7KHR[\JHQVDWWUDFW WKHSRVLWLYHSROHVZKLOH WKHK\GUR[\OV
DWWUDFW WKH QHJDWLYH SROHV RI ZDWHU PROHFXOHV 7KH K\GUDWLRQ RI H[FKDQJHDEOH FDWLRQV
RFFXUV DV ZDWHU LV DWWUDFWHG WR WKH QHJDWLYHO\ FKDUJHG FOD\ VXUIDFHV 7KLV PHFKDQLVP
UHVXOWV LQ K\GUDWLRQ IRUFHV ZKLFK DUH GRPLQDQW DW ORZ ZDWHU FRQWHQW 7KH RVPRWLF
DWWUDFWLRQPHFKDQLVP RFFXUV DV D UHVXOW RI RVPRWLF SURFHVV ,RQV SUHVHQW QHDU WKH FOD\
VXUIDFHDUHVXEMHFWWRHOHFWURVWDWLFDWWUDFWLRQIRUFHILHOGV7KHUHIRUHWKHLRQVFDQQRWIUHHO\
GLIIXVH IURP WKH YLFLQLW\ RI FOD\ VXUIDFH$V D UHVXOW HTXDOLVDWLRQ RI LRQ FRQFHQWUDWLRQ
RFFXUVDQGLVFDXVHGE\WKHPRYHPHQWRIZDWHUPROHFXOHVWRWKHFOD\VXUIDFHWKURXJKD
GLIIXVLRQSURFHVV
 7KHPHFKDQLVPRIFKDUJHGVXUIDFHGLSROHDWWUDFWLRQLVFDXVHGE\WKHRULHQWDWLRQRI
ZDWHUGLSROHV7KHSRVLWLYHSROHVRI WKHZDWHUPROHFXOHVZLOOEHRULHQWDWHG WRZDUGV WKH
QHJDWLYHO\FKDUJHGFOD\VXUIDFHV7KHGHJUHHRIRULHQWDWLRQRIZDWHUGLSROHVLVKLJKHVWRQ
WKH FOD\ VXUIDFHV DQG GHFUHDVHV ZLWK GLVWDQFH IURP WKH FOD\ VXUIDFHV 7KH VWUXFWXUDO
GLVRUGHUDWWKHPLGSODQHEHWZHHQWZRDGMDFHQWSDUDOOHOFOD\SODWHOHWVLVILOOHGZLWKFDWLRQV
VXFK WKDW WKHQHJDWLYHSROHVRIZDWHUPROHFXOHVDW WKHPLGSODQHDUH LQHTXLOLEULXPZLWK
WKH FDWLRQV 7KH FOD\ZDWHU LQWHUDFWLRQ GXH WR WKH YDQ GHU :DDOV IRUFHV DULVHV IURP
DWWUDFWLRQEHWZHHQWZRDWRPV7KHYDQGHU:DDOVIRUFHVDWWUDFWZDWHUPROHFXOHVDQGERQG
WKHPWRWKHFOD\VXUIDFHV
 7KHFOD\ZDWHU LQWHUDFWLRQVGHVFULEHGDERYHRFFXUVDW WKHPLFURVFRSLF OHYHOZKHQ
SXUH FOD\ LV FRQVLGHUHG WR FRQVLVW RI SDUDOOHO DUUDQJHPHQW RI VLQJOH FOD\ SODWHOHWV

&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

+RZHYHUPL[WXUHVRIFOD\VLOWDQGVDQGDVZHOODVSRVVLEO\ZLWKRUJDQLFPDWWHUVDUHWKH
PRVWRIWHQHQFRXQWHUHGLQWKHILHOG7KHUHIRUHDOWKRXJKHYHQWKHFKDUDFWHULVWLFVRISXUH
FOD\ LV UHIOHFWHG LQ WKH EHKDYLRXU RI D VRLO PL[WXUH DGRSWLRQ RI WKH LGHDO PLFURVFRSLF
EHKDYLRXU RI FOD\V PD\ QRW EH VXIILFLHQW LQ JHQHUDOLVLQJ PDFURVFRSLF PHDVXUDEOH
SKHQRPHQDRIDVRLOPL[WXUH([DPSOHVRIWKLVW\SHRIVRLOPL[WXUHZKLFKDUHRILQWHUHVW
LQWKHFXUUHQWLQYHVWLJDWLRQDUHPL[WXUHVRIEHQWRQLWHDQGVDQG
 %HQWRQLWH6DQG0L[WXUH
 &RPSDFWHG EHQWRQLWHVDQG PL[WXUH LV DQ H[DPSOH RI D EHQWRQLWHEDVHG PDWHULDO
ZKLFK LVZLGHO\ XVHG DV FOD\ OLQHU IRU ODQGILOOV DQG DV VHDOLQJ DQG EXIIHU HOHPHQWV IRU
QXFOHDU ZDVWH DQG KLJKO\ WR[LF ZDVWH FRQWDLQPHQWV 7KH EHKDYLRXU RI FRPSDFWHG
EHQWRQLWHVDQGPL[WXUHVLVFRQWUROOHGODUJHO\E\WKHSURSHUWLHVRIEHQWRQLWH+RZHYHUDWD
FHUWDLQ FRPSRVLWLRQ RU EHQWRQLWH FRQWHQW WKH EHKDYLRXU RI FRPSDFWHG PL[WXUH LV
LQIOXHQFHGE\WKHSURSHUWLHVRIWKHVDQG7KHSUHVHQFHRIVDQGLQWKHPL[WXUHLPSURYHVWKH
VKHDU VWUHQJWK DQG WKHUPDO SURSHUWLHV RI WKH FRPSDFWHGPL[WXUH 7KH VZHOOLQJ SUHVVXUH
DQG VZHOOLQJ SRWHQWLDO RI WKH FRPSDFWHGPL[WXUH RI EHQWRQLWH DQG VDQG DUH ORZHU WKDQ
WKRVHRIWKHFRPSDFWHGSXUHEHQWRQLWHDWWKHVDPHGU\GHQVLW\RUYRLGUDWLR
 7KH LQIOXHQFHRI VDQGRQ WKHPHFKDQLFDOEHKDYLRXURI DPL[WXUH WDNHV HIIHFW DW D
ORZ EHQWRQLWH FRQWHQW LHZKHQ WKH LQWHUJUDQXODU FRQWDFW EHWZHHQ VDQG JUDLQV H[LVWV
7KLVW\SHRIPL[WXUHLVRIWHQUHIHUUHGWRDVµEHQWRQLWHHQKDQFHGVDQG¶LQZKLFKSURSHUWLHV
RIWKHPL[WXUHHJVKHDUVWUHQJWKFRHIILFLHQWRISHUPHDELOLW\DQGVZHOOLQJSRWHQWLDODW
GLIIHUHQW GU\ GHQVLW\ DUH LQIOXHQFHG E\ ORDGGHIRUPDWLRQ FKDUDFWHULVWLFV RI WKH VDQG
6WHZDUWHWDO*UDKDPHWDODQG%ODW]HWDOVWXGLHGWKHLQIOXHQFHRI
VXFWLRQ RQ WKH VKHDU VWUHQJWK DQG VWLIIQHVV RI DQ XQVDWXUDWHG FRPSDFWHG EHQWRQLWHVDQG
PL[WXUH
 'HSHQGLQJRQWKHEHQWRQLWHSHUFHQWDJHRIWKHPL[WXUHWKHVWDWHRIVDQGJUDLQVLQWKH
FRPSDFWHG PL[WXUH FDQ EH FODVVLILHG LQWR WZR FDWHJRULHV )LJXUH  7KH ILUVW VWDWH
RFFXUVZKHQWKHEHQWRQLWHFRQWHQWLVKLJKHQRXJKVXFKWKDWWKHVDQGJUDLQVDUHFRYHUHGE\
WKHEHQWRQLWHSDUWLFOHV$WWKLVVWDWHWKHUHLVQRVDQGJUDLQFRQWDFW,QWKHVHFRQGVWDWHWKH
LQWHUJUDQXODU FRQWDFWV EHWZHHQ VDQG JUDLQV H[LVW 7DNLQJ LQWR FRQVLGHUDWLRQ WKDW WKH
VSHFLILF VXUIDFHDUHDRI WKHEHQWRQLWH LVPXFKKLJKHUFRPSDUHG WR WKDWRI WKH VDQG WKLV
VWDWHLVRQO\SRVVLEOHDWYHU\ORZEHQWRQLWHFRQWHQWV
 7KHUH LV D OLPLWLQJ EHQWRQLWH FRQWHQW EH\RQG ZKLFK EHQWRQLWH GRPLQDWHV WKH
EHKDYLRU RI D PL[WXUH 7KLV RFFXUV DW D SDUWLFXODU GU\ GHQVLW\ RU YRLG UDWLR RI WKH
FRPSDFWHGPL[WXUHGHSHQGLQJRQWKHVZHOOLQJSURSHUWLHVRIWKHEHQWRQLWH,QDSDUWLFXODU
FRPSRVLWLRQ DQG GU\ GHQVLW\ WKH SUHVHQFH RI VDQG PD\ DOVR UHGXFH WKH FRHIILFLHQW RI
SHUPHDELOLW\RIWKHFRPSDFWHGPL[WXUH7KHFRHIILFLHQWRISHUPHDELOLW\RIWKHFRPSDFWHG
EHQWRQLWHVDQGPL[WXUHPD\EHFRPHHYHQORZHUWKDQWKDWRIWKHFRPSDFWHGSXUHEHQWRQLWH

&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

DW WKH VDPHGU\ GHQVLW\ 6WXGGV HW DO  UHSRUWHG WKDW D µEHQWRQLWHHQKDQFHG VDQG¶
ZLWKEHQWRQLWHFRQWHQWKDGDORZHUFRHIILFLHQWRISHUPHDELOLW\WKDQWKHPL[WXUHZLWK
EHQWRQLWHFRQWHQW
6DQG
JUDLQ
6DQG
JUDLQ
*UDLQFRQWDFW
6DQG
JUDLQ6DQG
JUDLQ
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D 
)LJXUH7ZRSRVVLEOHVWDWHVRIVDQGJUDLQVLQDGHIORFFXODWHGFOD\V\VWHPDFOD\
SDUWLFOHVµFRDWLQJ¶VDQGJUDLQVDQGEFOD\SDUWLFOHVµZHOGLQJ¶VDQGJUDLQV
 .RPLQHDQG2JDWD VXJJHVWHG WKDW VZHOOLQJXSRQZHWWLQJ WDNHVSODFHZKHQ
WKHSRUHV LQ D FRPSDFWHGEHQWRQLWHVDQGPL[WXUH DUH ILOOHGZLWK VZROOHQEHQWRQLWH LH
VHOIVHDOLQJ HIIHFW ,W FDQ EH H[SHFWHG WKDW D PL[WXUH RI EHQWRQLWH DQG VDQG ZLWK ORZ
EHQWRQLWHFRQWHQWVKRZVQRVZHOOLQJXQGHUFHUWDLQYHUWLFDOVWUHVV7KHYHUWLFDOVWUHVVFDQ
EH UHJDUGHG DV WKH VZHOOLQJ SUHVVXUH DW D SDUWLFXODU HTXLOLEULXP YRLG UDWLR RU LQ RWKHU
ZRUGVVZHOOLQJSUHVVXUHLVDPDQLIHVWDWLRQRIVZHOOLQJSRWHQWLDORUVZHOOLQJ0HVULHWDO
&RQVHTXHQWO\ WKH WHUPVZHOOLQJSRWHQWLDOPD\ WKHQEH WDNHQ WR LQFOXGHERWK WKH
VZHOOLQJDQGVZHOOLQJSUHVVXUH6ULGKDUDQHWDO
 ,W LV FOHDU WKDW DOWKRXJK VZHOOLQJ RI D EHQWRQLWHVDQG PL[WXUH LV LQLWLDWHG E\ WKH
VZHOOLQJ RI FOD\PLQHUDOV LQ WKH EHQWRQLWH LW LV DFWXDOO\ DPDFURVFRSLF UHVSRQVH RI WKH
PL[WXUHWRWKHDSSOLHGK\GURPHFKDQLFDOSURFHVVHV,WZLOOEHGHVFULEHGODWHURQWKDWWKH
PDFURVFRSLFEHKDYLRXURIDQH[SDQVLYHVRLOFDQEHOLQNHGWRLWVEHKDYLRXUDWPLFURVFRSLF
OHYHOSURYLGHGWKDWLQWHUDFWLRQEHWZHHQWKHWZROHYHOVLVNQRZQ
 +\GUR0HFKDQLFDO%HKDYLRXURI6DWXUDWHG([SDQVLYH6RLOV
 $VGHVFULEHGHDUOLHU WKHPLFURSRUHVLQDQH[SDQVLYHVRLODUHHVVHQWLDOO\VDWXUDWHG
DQG WKHHIIHFWLYHVWUHVVFRQFHSW IRUVDWXUDWHGVRLOVFRQVHTXHQWO\KROGV7KHH[LVWHQFHRI
UHSXOVLYHDQGDWWUDFWLYHIRUFHV LQH[SDQVLYHVRLOVKDVDQ LQIOXHQFHRQWKHIRUPXODWLRQRI

&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

HIIHFWLYH VWUHVV IRU H[SDQVLYH VRLOV ,Q WKLV VXEFKDSWHU WKH HIIHFWLYH VWUHVV FRQFHSW IRU
H[SDQVLYH VRLOV LV GHVFULEHG DQG WKH VZHOOLQJ DQG FROODSVHPHFKDQLVPV LQ UHVSRQVH WR
FKDQJHVLQWKHHIIHFWLYHVWUHVVDUHGLVFXVVHG
 (IIHFWLYH6WUHVV&RQFHSWRI6DWXUDWHG([SDQVLYH6RLOV
 7KHFRPSUHVVLELOLW\DQGVKHDUVWUHQJWKSURSHUWLHVRIFOD\VRUPRVWRIWKHVRLOVDUH
FRQWUROOHGE\WKHSK\VLFRFKHPLFDOSURSHUWLHVDQGVWUHVVKLVWRU\RIWKHVRLO7KHHIIHFWLYH
VWUHVV GHWHUPLQHV WKH VWDWHV RI VDWXUDWHG VRLOV WKDW DUH UHSUHVHQWHGE\ZDWHU FRQWHQW DQG
YRLGUDWLR RUGU\GHQVLW\7KHJHQHUDOH[SUHVVLRQRIHIIHFWLYHVWUHVV V
DVGHILQHGE\
7HU]DJKLLVDVIROORZV
 
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
ZKHUHVLVWKHWRWDOVWUHVVDQGXZLVWKHSRUHZDWHUSUHVVXUH
 7KH HIIHFWLYH VWUHVV FRQFHSW H[SUHVVHG LQ (TXDWLRQ  UHSUHVHQWV D SDUW RI WKH
WRWDO VWUHVV V ZKLFK LV FDUULHG E\ WKH VRLO JUDLQV RU UHSUHVHQWV WKH JUDLQ FRQWDFW
SUHVVXUH+RZHYHUJUDLQFRQWDFWVPD\QRW UHDOO\H[LVW LQFOD\VDQG WKLV OHDGV WR LQWHU
JUDQXODU VWUHVV DQG LQWHUSDUWLFOH VWUHVV FRQFHSWV LQ WKH IRUPXODWLRQ RI HIIHFWLYH VWUHVV
FRQFHSWIRUH[SDQVLYHVRLOV
,QWHU*UDQXODUDQG,QWHU3DUWLFOH6WUHVVHV
 7KH WHUP RI HIIHFWLYH VWUHVV KDV EHHQ DVVRFLDWHG ZLWK LQWHUJUDQXODU DQG LQWHU
SDUWLFOHVWUHVVHV0LWFKHOO7KHLQWHUJUDQXODUSUHVVXUHLVDQDO\VHGE\FRQVLGHULQJ
VWDWLFHTXLOLEULXPRIQRUPDOIRUFHVDFWLQJSHUSHQGLFXODUWRDZDY\SODQHSDVVLQJEHWZHHQ
VRLOSDUWLFOHV$FFRUGLQJWRWKHHTXLOLEULXPFRQGLWLRQVWKHLQWHUJUDQXODUVWUHVVLVGHILQHG
DVWKHµWUXH¶HIIHFWLYHVWUHVVVZKLFKLVH[SUHVVHGLQWKHIROORZLQJHTXDWLRQ/DPEHDQG
:KLWPDQ
   ZX 5V V $     
ZKHUH5 LV WKH UHSXOVLYH IRUFHV LQFOXGLQJ WKH ORQJUDQJHGRXEOH OD\HU UHSXOVLRQDQG WKH
VKRUW UDQJH UHSXOVLRQ PDLQO\ GXH WR K\GUDWLRQ IRUFHV DQG $ LV WKH DWWUDFWLYH IRUFHV
UHVXOWLQJ IURP WKH ORQJ UDQJH YDQ GHU:DDOV DQG HOHFWURVWDWLF DWWUDFWLRQV DQG WKH VKRUW
UDQJHDWWUDFWLRQVGXHWRFKHPLFDODQGFHPHQWDWLRQERQGLQJV
 7KHPDJQLWXGH RI YDQ GHU:DDOV IRUFHV LV LQYHUVHO\ SURSRUWLRQDO WR WKH GLVWDQFH
IURPDSRLQWXQGHUFRQVLGHUDWLRQWRWKHFOD\VXUIDFHWRWKHSRZHURIVHYHQ7KHUHIRUHWKH
IRUFHVFDQEHFRQVLGHUHGWREHRSHUDWLYHLQVKRUWGLVWDQFH7KHHOHFWURVWDWLFDWWUDFWLRQVDUH
FDXVHGE\DWWUDFWLRQVEHWZHHQSDUWLFOHHGJHVDQGSDUWLFOHVXUIDFHV,QWKHVLWXDWLRQVZKHUH
WKHUHDUHQRJUDQXODUFRQWDFWVWKHFRQWDFWSUHVVXUHEHFRPHV]HURDQGWKHHIIHFWLYHVWUHVV
LVGHILQHGDV5$VLQFHWKHµWUXH¶HIIHFWLYHVWUHVVLV]HUR$FKDULHWDO

&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

3K\VLFR&KHPLFDO6WDWH9DULDEOHV
 7KH µWUXH¶ HIIHFWLYH VWUHVV RU WKH LQWHUJUDQXODU VWUHVV FDQQRW EH UHJDUGHG DV VWDWH
YDULDEOHVLQFHLWLVQRWGHYHORSHGEDVHGRQDQDSSURSULDWHFXELFDOHOHPHQWRIXQVDWXUDWHG
VRLOZKLFKLVFRPPRQO\DGRSWHGLQFRQWLQXXPPHFKDQLFVXVLQJWKHFRQFHSWRIFRQWLQXRXV
VWUHVV ILHOGV )UHGOXQG  %DUERXU DQG )UHGOXQG  VKRZHG WKDW WKH HIIHFWLYH
VWUHVV V XZ DQG WKH QHW UHSXOVLYH IRUFH 5  $ FDQ EH FRQVLGHUHG DV WKH SK\VLFR
FKHPLFDO VWUHVV VWDWH YDULDEOHV IRU VDWXUDWHG FOD\V 7KH HIIHFWLYH VWUHVV FRQVLGHUHG E\
%DUERXUDQG)UHGOXQGZDVDQHWSUHVVXUHGLIIHUHQFHEHWZHHQ WKH WRWDOVWUHVVDQG
WKHSUHVVXUHRIIUHHSRUHIOXLGRUVXI,WZDVVXJJHVWHGWKDW5$EHGHWHUPLQHGE\
PHDVXULQJ WKH RVPRWLF SUHVVXUH RU WKH RVPRWLF VXFWLRQ S RI WKH EXON VROXWLRQ 7KH
SK\VLFRFKHPLFDO VWUHVV VWDWH YDULDEOHV SURSRVHG E\%DUERXU DQG)UHGOXQG ZHUH
VXSSRUWHGE\WKHFRPSUHVVLRQWHVWGDWDSURYLGHGE\0HVULDQG2OVRQ)LJXUH

)LJXUH7KUHHGLPHQVLRQDOFRQVWLWXWLYHVXUIDFHIRU1DPRQWPRULOORQLWHWHVWHGE\0HVUL
DQG2OVRQUHSORWWHGE\%DUERXUDQG)UHGOXQG
 6ZHOOLQJ0HFKDQLVPVLQ6DWXUDWHG([SDQVLYH6RLOV
 6ZHOOLQJ RI FOD\ LQ JHQHUDO LV FDXVHG E\ D UHGXFWLRQ LQ HIIHFWLYH VWUHVV GXH WR
XQORDGLQJRUDGGLWLRQRIZDWHU0LWFKHOO6ZHOOLQJGXHWRWKHDGGLWLRQRIZDWHUFDQ
EHEURDGO\GLYLGHG LQWR WZRFDWHJRULHV7KHILUVWFDWHJRU\ LVFU\VWDOOLQHVZHOOLQJFDXVHG
E\ K\GUDWLRQ RI H[FKDQJHDEOH FDWLRQV DQG WKH VHFRQG FDWHJRU\ LVPDFURVFRSLF VZHOOLQJ
ZKLFK SURFHHGV EH\RQG FU\VWDOOLQH VZHOOLQJ0DQ\ VWXGLHV KDYH IRFXVHG RQ FU\VWDOOLQH
VZHOOLQJ HJ 0DGVHQ DQG 0OOHU9RQPRRV  DQG 6ODGH DQG 4XLUN  7KH
GHYHORSPHQW RI FU\VWDOOLQH VZHOOLQJ SURFHHGV GXH WR DEVRUSWLRQ RI WKUHH WR IRXUPRQR
OD\HUVRIZDWHUPROHFXOHVLQWKHLQWHUODPLQDUSRUHV7KHDEVRUSWLRQRIWKUHHWRIRXUZDWHU

&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

OD\HUV RFFXUV LQ VWHS FRUUHVSRQGLQJO\ WKH GHYHORSPHQW RI FU\VWDOOLQH VZHOOLQJ LV DOVR
VWHSZLVH,QWKHFDVHZKHQWKHVZHOOLQJLVUHVWUDLQHGWKHUHLVDGHYHORSPHQWRIVZHOOLQJ
SUHVVXUHDQGLQ WKHFDVHRIFU\VWDOOLQHVZHOOLQJ WKHVZHOOLQJSUHVVXUHGHYHORSHGLVYHU\
KLJK UHDFKLQJ VHYHUDO WKRXVDQGV RI N3D ,ZDWD HW DO  +RZHYHU WKLV W\SH RI
VZHOOLQJ SUHVVXUH DFWV DW D VKRUW UDQJH XS WR DERXW  c VHSDUDWLRQ GLVWDQFH <RQJ
 7KHPDFURVFRSLF VZHOOLQJ SURFHHGV EH\RQG FU\VWDOOLQH VZHOOLQJ DV D UHVXOW RI D
GLIIHUHQFHLQFKHPLFDOSRWHQWLDORIZDWHULQWKHRXWHURUEXONVROXWLRQDQGLQWKHVSDFH
EHWZHHQ FOD\ SODWHOHWV 7KHUHIRUH LW UHSUHVHQWV WKH RVPRWLF FRQFHSW 7KHPDJQLWXGH RI
PDFURVFRSLFVZHOOLQJFDQEHFRPSXWHGXVLQJGLIIXVHGRXEOHOD\HU''/WKHRU\SURSRVHG
E\*RX\DQG&KDSPDQ
 7KH''/WKHRU\GHVFULEHVWKDWWKHFKDUJHGVXUIDFHRIDFOD\SODWHOHWDQGWKHYLFLQDO
GLVWULEXWHGFKDUJHRILRQVIRUPDGLIIXVHGRXEOHOD\HU7KHWKHRU\DVVXPHVWKDWLRQVLQWKH
GLIIXVHGRXEOHOD\HUVDUHUHJDUGHGDVSRLQWFKDUJHVDQGWKHLRQGLVWULEXWLRQLVDVVXPHGWR
IROORZWKH%ROW]PDQQGLVWULEXWLRQHTXDWLRQ,ZDWDHWDO7KHHOHFWULFDOSRWHQWLDOLV
DVVXPHG WREHGHWHUPLQHGE\ WKH3RLVVRQHTXDWLRQ LQDVLPLODU IRUPWR WKDWXVHG LQ WKH
HOHFWURPDJQHWLVP WKHRU\1R LQWHUDFWLRQVEHWZHHQ LRQV LQ WKHGLIIXVHGRXEOH OD\HUVDQG
SDUDOOHOFOD\SODWHOHWDUUDQJHPHQWVDUHWZRRWKHUDVVXPSWLRQVXVHG$FFRUGLQJWRWKH''/
WKHRU\ WKH HOHFWULFDO SRWHQWLDO DW WKH PLGSODQH EHWZHHQ WZR DGMDFHQW FOD\ SODWHOHWV LV
UHODWHG WR WKH GLVWDQFH EHWZHHQ WKH WZR SODWHOHWV 5HODWLRQVKLS EHWZHHQ WKH PLGSODQH
HOHFWULFDO SRWHQWLDO DQG WKH GLVWDQFH EHWZHHQ WZR FOD\ SODWHOHWV LV D IXQFWLRQ RI WKH
SURSHUWLHVRIFOD\DQGLWVSRUHZDWHU7ZRDSSURDFKHVKDYHEHHQDGRSWHGWRXVHWKH''/
WKHRU\ LQ GHVFULELQJ WKH EHKDYLRXU RI FOD\ VRLOV 7KH ILUVW DSSURDFK FRQVLGHUV D VLQJOH
''/ZLWKRXW LQWHUDFWLRQEHWZHHQRQH''/DQGDQRWKHUHJ.RPLQHDQG2JDWD
DQG ;LH HW DO  ZKHUHDV WKH VHFRQG DSSURDFK FRQVLGHUV LQWHUDFWLQJ ''/V HJ
6ULGKDUDQ DQG -D\DGHYD  DQG 7ULSDWK\ HW DO  7KH ILUVW DSSURDFK PD\ EH
DSSOLFDEOHLQWKHFDVHRIFOD\VXVSHQVLRQZKLOHWKHVHFRQGDSSURDFKDSSHDUVWREHPRUH
DSSOLFDEOHIRUFRPSDFWHGFOD\V
 6FKRILHOG XWLOLVHG WKH''/ WKHRU\ WR GHWHUPLQH VZHOOLQJSUHVVXUHRI FOD\V
ZKLOH%ROWXVHGWKH''/WKHRU\WRGHVFULEHWKHFRPSUHVVLELOLW\RISXUHFOD\V%ROW
REVHUYHGGLVFUHSDQF\EHWZHHQWKHUHVXOWVFRPSXWHGXVLQJWKH''/WKHRU\DQGWKH
H[SHULPHQWDOGDWD7KHGLVDJUHHPHQWLVDWWULEXWHGWRVRPHIDFWRUVWKDWDUHQRWDFFRXQWHG
IRULQWKHPRGHO7KHVHLQYROYHWKHGHYLDWLRQIURPSDUDOOHOFOD\SODWHOHWDUUDQJHPHQWWKH
DWWUDFWLYH IRUFHV EHLQJ LJQRUHG WKH RYHUHVWLPDWLRQ RI LRQ FRQFHQWUDWLRQ QHDU FOD\
VXUIDFHVWKHLQWHUDFWLRQEHWZHHQLRQVDVEHLQJQHJOHFWHGE\WDNLQJWKH3RLVVRQHTXDWLRQ
IRUWKHHOHFWULFSRWHQWLDOIXQFWLRQWKHSRVVLEOHWHUPLQDWLRQRIGLIIXVHGRXEOHOD\HUE\DLU
ZDWHU LQWHUIDFH DV FOD\ GHVDWXUDWHV ,ZDWD HW DO  ,Q WKH ODWHVW FDVH WKHUH LV QR
FRPSDWLELOLW\EHWZHHQWKHH[WHUQDOORDGLQJDQGWKHLQWHUQDOSK\VLFRFKHPLFDOVWDWHRIWKH
VRLOZDWHU V\VWHP ZKLFK RQO\ RFFXUV ZKHQ ''/ LV IXOO\ GHYHORSHG LQ WKH VDWXUDWHG
V\VWHP 1DJDUDM HW DO8QGHU WKHVHFRQGLWLRQV WKH''/ LV VDLG WREH WUXQFDWHG
,ZDWD HW DO  SURYLGHG D WHGLRXV PHWKRG IRU FRPSXWLQJ WKH HOHFWULFDO SRWHQWLDO

&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

GLVWULEXWLRQ RI WKH WUXQFDWHG ''/ EDVHG RQ WKH *RX\&KDSPDQ WKHRU\ 7KH LRQ
GLVWULEXWLRQ ZDV FDOFXODWHG EDVHG RQ ZDWHU DGVRUSWLRQ PRGHO ZKLFK DOVR FRQVLGHUV WKH
0D[ZHOO%ROW]PDQQODZRIHQHUJ\GLVWULEXWLRQ
 7KH''/WKHRU\ZDVVXEVHTXHQWO\PRGLILHG WRDFFRXQW IRUVRPHRI WKHVHIDFWRUV
7KHDWWUDFWLRQGXHWRYDQGHU:DDOVIRUFHVLVDFFRXQWHGIRULQDPRGHOE\'HUMDJXLQDQG
/DQGDXDQG9HUZH\DQG2YHUEHHNZKLFKLVNQRZQDV'/92WKHRU\7KH
RYHUHVWLPDWLRQRI LRQFRQFHQWUDWLRQZDVFRQVLGHUHGE\6WHUQ DQG IXUWKHUE\YDQ
2OSKHQ  6ULGKDUDQ DQG -D\DGHYD  HPSLULFDOO\ UHODWHG WKH PLGSODQH
HOHFWULFDO SRWHQWLDO ZLWK WKH GLVWDQFH EHWZHHQ WZR DGMDFHQW FOD\ SODWHOHWV DQG SURYLGHG
SURFHGXUHV WRREWDLQ WKH FRPSUHVVLELOLW\RI FOD\VXVLQJ WKH''/ WKHRU\7ULSDWK\HW DO
 SURSRVHG VHPLHPSLULFDO FRUUHODWLRQV EHWZHHQ WKHPLGSODQH HOHFWULFDO SRWHQWLDO
DQG WKH GLVWDQFH IRU FRPSDFWHG VSHFLPHQV RI VHYHUDO GLIIHUHQW EHQWRQLWHV 6HYHUDO QHZ
HTXDWLRQVIRUWKHUHODWLRQVKLSVEHWZHHQWKHPLGSODQHHOHFWULFDOSRWHQWLDODQGWKHGLVWDQFH
EHWZHHQWZRDGMDFHQWFOD\SODWHOHWVZHUHLQWURGXFHG6HYHUDOSXEOLVKHGH[SHULPHQWDOGDWD
RQVZHOOLQJSUHVVXUHRIEHQWRQLWHVZHUHXVHGWREHVWILWWKHHTXDWLRQV8VLQJWKHPHWKRG
SURSRVHGE\7ULSDWK\HWDO WKHIDFWRUVWKDWDUHQRWDFFRXQWHGIRU LQWKHRULJLQDO
''/WKHRU\PD\HPSLULFDOO\EHWDNHQLQWRDFFRXQW7KHUHIRUHDOWKRXJKWKH''/WKHRU\
FRQVLGHUV RQO\ WKH PLFURVFRSLF EHKDYLRXU RI WKH VLPSOLVWLF SDUDOOHO FOD\ SODWHOHWV
DUUDQJHPHQW LW PD\ EH PRGLILHG DQG XVHG IRU SUHGLFWLQJ VRPH RI WKH PDFURVFRSLF
EHKDYLRXURIH[SDQVLYHVRLOVVXFKDVVZHOOLQJSUHVVXUHDQGFRPSUHVVLELOLW\
 &ROODSVH0HFKDQLVPLQ6DWXUDWHG([SDQVLYH6RLOV
 :KHQ DQ H[SDQVLYH VRLO LVZHWWHG WKH SRUHZDWHU SUHVVXUH LV LQFUHDVHG FDXVLQJ D
GHFUHDVHLQLWVHIIHFWLYHVWUHVVLHDFFRUGLQJWRWKHVLQJOHYDOXHGHIIHFWLYHVWUHVVFRQFHSW
GHVFULEHG LQ 6XEFKDSWHU  7KH GHFUHDVH LQ HIIHFWLYH VWUHVV FDXVHV VZHOOLQJ RI
H[SDQVLYH VRLOV 7KH FROODSVH RI VRLO XSRQ ZHWWLQJ LV WKHUHIRUH FRQVLGHUHG WR EH DQ
DSSDUHQWFRQWUDGLFWLRQWRWKHSULQFLSOHRIHIIHFWLYHVWUHVV0LWFKHOO$FFRUGLQJWR
WKHVLQJOHYDOXHGHIIHFWLYHVWUHVVSULQFLSOHDUHGXFWLRQLQ WKHHIIHFWLYHVWUHVVQRUPDOO\
\LHOGV DQ LQFUHDVH LQ YRLG UDWLR &ROODSVH LV FRQWUROOHG E\ WKH EHKDYLRXU RI VRLO DV D
SDUWLFXODWH PDWHULDO ,Q RUGHU IRU FROODSVH WR RFFXU VRLO IDEULF VKRXOG EH RSHQ DQG
XQVDWXUDWHG7KHFROODSVHSKHQRPHQRQFDQDOVREHREVHUYHGZKHQDQXQVDWXUDWHGVRLOLV
VWDELOLVHG DW D KLJK HQRXJK WRWDO VWUHVV VXFK WKDW LWV VWUXFWXUH EHFRPHV PHWDVWDEOH $
VWURQJELQGLQJLQGXFHGE\FHPHQWLQJDJHQWPD\DOVRKROGVRLOSDUWLFOHVWRJHWKHULQDGU\
VWDWHDQGFROODSVHZLOOEHREVHUYHGZKHQWKHVRLOLVZHWWHGVLQFHWKHERQGLQJLVEURNHQ
 $FFRUGLQJWRWKHDERYHH[SODQDWLRQFROODSVHRIVRLOXQGHUFHUWDLQWRWDOVWUHVVRQO\
RFFXUVZKHQK\GUDXOLFSURFHVVLHZHWWLQJSURFHVV LV LQYROYHG7KHDSSDUHQWFROODSVH
WKDWPD\EHREVHUYHGLQVDWXUDWHGFOD\V\VWHPZKHQLWLVLQFRQWDFWZLWKDVROXWLRQXQGHU
FHUWDLQWRWDOVWUHVVLVRQO\GXHWRWKHRVPRWLFSURFHVVZKLFKRFFXUVLQWKHVRLOSRUHV7KH
SKHQRPHQRQLVSRVVLEOHZKHQDVROXWLRQRIDORZHURVPRWLFSRWHQWLDOWKDQWKDWRIWKHVRLO

&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

SRUHZDWHU LV LQWURGXFHG LQWR WKH VDWXUDWHG VRLO 7KH RVPRWLF SURFHVV WDNHV SODFH DV D
UHVXOW RI D GLIIHUHQFH EHWZHHQ WKH RVPRWLF SRWHQWLDO RI WKH VRLO DQG WKDW RI WKH EXON
VROXWLRQ +RZHYHU WKLV SKHQRPHQRQ VKRXOG QRW EH FRQIXVHG ZLWK FROODSVH VLQFH WKH
SURFHVVLVDQRVPRWLFFRQVROLGDWLRQSURFHVVDQGWKHHIIHFWLYHVWUHVVLVLQFUHDVHGGXULQJWKH
SURFHVV
7KH IROORZLQJ LV DQRWKHU H[SODQDWLRQ RI FROODSVH PHFKDQLVP RI H[SDQVLYH VRLOV
'XULQJ ZHWWLQJ QRUPDO DQG VKHDU VWUHVVHV GHYHORS LQ WKH VRLO 7KH QRUPDO VWUHVV DFWV
SHUSHQGLFXODU WR WKH FRQWDFW SODQH EHWZHHQ WKH FOD\ FOXVWHUV 7KH VKHDU VWUHVV RSHUDWHV
SDUDOOHOWRWKHFRQWDFWSODQHEHWZHHQWKHFOD\FOXVWHUV&ROODSVHRFFXUVZKHQWKHUDWLRRI
VKHDULQJIRUFHWRQRUPDOIRUFHH[FHHGVWKHIULFWLRQFRHIILFLHQWRIWKHVRLODWSDUWLFOHOHYHO
$WWKHVHFRQGLWLRQV WKHVKHDUVWUHVVLQGXFHVDUHODWLYHPRYHPHQWEHWZHHQFOD\FOXVWHUV
+RZHYHU WKH VKHDU IRUFH GHYHORSHG DW SDUWLFOH OHYHOZKHQ DQ H[SDQVLYH VRLO LVZHWWHG
VKRXOG QRW EH FRQIXVHG ZLWK WKH VKHDU IRUFH LQGXFHG DW PDFURVFRSLF OHYHO 7KHUHIRUH
FROODSVH PD\ DOVR RFFXU ZKHQ D VRLO LV ZHWWHG DIWHU LW LV ORDGHG LVRWURSLFDOO\ XQGHU
XQVDWXUDWHGFRQGLWLRQV
 8QVDWXUDWHG([SDQVLYH6RLOV
 7KHFKDUDFWHULVWLFVRIDQXQVDWXUDWHGH[SDQVLYHVRLODUHUHODWHGWRWKHFKDUDFWHULVWLFV
RI LWV VDWXUDWHG PLFURVWUXFWXUHV DQG WKH LQWHUDFWLRQV EHWZHHQ PLFURVFRSLF DQG
PDFURVFRSLFUHVSRQVHVRIWKHVRLOWRWKHDSSOLHGK\GURPHFKDQLFDOSURFHVVHV8QVDWXUDWHG
H[SDQVLYH VRLOV H[KLELW ODUJH YROXPHWULF FKDQJHV XSRQ ZHWWLQJ 8QOLNH WKH FDVH RI
XQVDWXUDWHG QRQVZHOOLQJ VRLOV WKH ODUJH YROXPHWULF VZHOOLQJ WDNLQJ SODFH LQ WKH
XQVDWXUDWHGVZHOOLQJVRLOVLVPRVWO\LUUHYHUVLEOH*HQVDQG$ORQVR
 7KH LGHDO PLFURVFRSLF EHKDYLRXU RI VDWXUDWHG H[SDQVLYH VRLOV DV GHVFULEHG IRU
LQVWDQFH LQ WKH''/ WKHRU\PD\ QRW VXIILFLHQWO\ H[SODLQ WKHPDFURVFRSLF EHKDYLRXU RI
XQVDWXUDWHG H[SDQVLYH VRLOV 7KLV LV SDUWLFXODUO\ WUXH DW LQWHUPHGLDWH VXFWLRQV GXULQJ
ZHWWLQJRIDQH[SDQVLYHVRLODVD UHVXOWRI WKHH[LVWHQFHRIPDFURVWUXFWXUHV LQ WKHVRLO
7KH''/LVWUXQFDWHGGXHWRWKHSUHVHQFHRIDLULQWKHPDFURSRUHV7KHWUXQFDWHG''/
LQGXFHVFKDQJHVLQWKHGLVWULEXWLRQRILRQVLQWKHGLIIXVHGRXEOHOD\HU)LJXUHVKRZVD
SRVVLEOHUHSUHVHQWDWLRQRIDFRPSDFWHGEHQWRQLWHVDQGPL[WXUH$FFRUGLQJWRWKHILJXUHD
FRPSDFWHGEHQWRQLWHVDQGPL[WXUHFRQVLVWVRIDUUDQJHPHQWVRIFOD\FOXVWHUVVDQGJUDLQV
DQG SRVVLEO\ VLOWV ZLWK PDFURSRUHV RU LQWHUDJJUHJDWH SRUHV LQ EHWZHHQ (DFK FOD\
FOXVWHU FRQVLVWV RI FOD\ SDUWLFOHV ZLWK LQWUDDJJUHJDWH SRUHV RU LQWUDFOXVWHU SRUHV LQ
EHWZHHQ &OD\ SDUWLFOH LV DQ DUUDQJHPHQW RI FOD\ XQLW OD\HUV ZLWK LQWHUOD\HU SRUHV LQ
EHWZHHQ%RWK WKH LQWUDDJJUHJDWHDQG LQWHUOD\HUSRUHVDUHVDWXUDWHGDQG WKHUHIRUHERWK
FDQEHFRQVLGHUHGDVPLFUROHYHOSRUHV


&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

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)LJXUH6FKHPDWLFYLHZRISRVVLEOHUHSUHVHQWDWLRQRIXQVDWXUDWHGEHQWRQLWHVDQG
PL[WXUHPRGLILHGIURP1DJDUDMDQG6ULQLYDVD0XUWK\
 7KHFRPSDFWHGEHQWRQLWHVDQGPL[WXUHDWDVWDWHVKRZQLQ)LJXUHKDVDQRQ]HUR
YDOXHRIVXFWLRQ7KHPXOWLOHYHOVWUXFWXUHRIVRLOSRUHVLQWKHFRPSDFWHGEHQWRQLWHVDQG

&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

PL[WXUHVXJJHVWVWKDWVXFWLRQDWDWUDQVLHQWVWDJHPD\EHGLIIHUHQWLQWKHGLIIHUHQWOHYHOVRI
SRUHV,QWKHVXEVHTXHQWVXEFKDSWHUDJHQHUDOFRQFHSWRIVXFWLRQLQH[SDQVLYHVRLOVEDVHG
RQWKHFODVVLFDOGHILQLWLRQRIVXFWLRQDQGDPLFURVFRSLFYLHZRIVXFWLRQLQH[SDQVLYHVRLOV
DUHGHVFULEHG
 &RQFHSWRI6XFWLRQ
 *HQHUDO FRQFHSW RI VXFWLRQ ZDV LQLWLDOO\ GHYHORSHG E\ VRLO SK\VLFLVW LQ WKH HDUO\
¶V HJ %XFNLQJKDP  (GOHIVHQ DQG $QGHUVRQ  DQG %ROW DQG 0LOOHU
 $LWFKLVRQ  SURYLGHG JHQHUDO GHILQLWLRQV RI VRLO VXFWLRQ DQG VXFWLRQ
FRPSRQHQWVIURPDWKHUPRG\QDPLFVVWDQGSRLQW6XFWLRQRUWRWDOVXFWLRQVWLVGHILQHGDV
WKHWRWDOIUHHHQHUJ\RIWKHVRLOZDWHUGHWHUPLQHGDVWKHUDWLRRIWKHSDUWLDOSUHVVXUHRIWKH
ZDWHUYDSRXULQHTXLOLEULXPZLWKDVROXWLRQLGHQWLFDOLQFRPSRVLWLRQWRWKHVRLOZDWHUWR
WKHSDUWLDOSUHVVXUHRIWKHZDWHUYDSRXULQHTXLOLEULXPZLWKDSRRORIIUHHSXUHZDWHU
 7RWDOVXFWLRQFRQVLVWVRIWZRFRPSRQHQWVQDPHO\PDWULFDQGRVPRWLFFRPSRQHQWV
(TXDWLRQ7KHPDWULFFRPSRQHQWRIWRWDOVXFWLRQVPLVGHILQHGDVWKHFRPSRQHQW
RIIUHHHQHUJ\RIWKHVRLOZDWHUZKLFKLVGHWHUPLQHGDVWKHUDWLRRISDUWLDOSUHVVXUHRIWKH
ZDWHUYDSRXU LQHTXLOLEULXPZLWK WKHVRLOZDWHU UHODWLYH WRSDUWLDOSUHVVXUHRI WKHZDWHU
YDSRXULQHTXLOLEULXPZLWKDVROXWLRQLGHQWLFDOLQFRPSRVLWLRQZLWKDSRRORIVRLOZDWHU
2VPRWLF VXFWLRQ S LV WKHFRPSRQHQWRI IUHHHQHUJ\RI WKH VRLOZDWHUZKLFK LVGHULYHG
IURP WKH UDWLR RI SDUWLDO SUHVVXUH RI WKH ZDWHU YDSRXU LQ HTXLOLEULXP ZLWK D SRRO RI
VROXWLRQLGHQWLFDOLQFRPSRVLWLRQZLWKWKHVRLOZDWHUUHODWLYHWRSDUWLDOSUHVVXUHRIZDWHU
YDSRXULQHTXLOLEULXPZLWKDSRRORISXUHZDWHU
 W PV V S   
 %\WKLVGHILQLWLRQWKHPDWULFVXFWLRQFRPSRQHQWLVUHODWHGWRWKHDLUZDWHULQWHUIDFH
RUVXUIDFHWHQVLRQJLYLQJULVHWRWKHFDSLOODU\SKHQRPHQRQ0DWULFVXFWLRQLVGHILQHGDV
WKHGLIIHUHQFHEHWZHHQSRUHDLUSUHVVXUHXDDQGSRUHZDWHUSUHVVXUHXZLQWKHVRLO)RU
QRQVZHOOLQJ VRLOV HJ VDQGV RVPRWLF VXFWLRQ FDQ EH JHQHUDWHG E\ VDWXUDWLQJ WKH VRLO
ZLWKDVDOWVROXWLRQDWDSDUWLFXODUVDOWFRQFHQWUDWLRQ%\LQFUHDVLQJWKHSRUHDLUSUHVVXUH
XD DQG PDLQWDLQLQJ WKH SRUHZDWHU SUHVVXUH XZ DW D FHUWDLQ YDOXH PDWULF VXFWLRQ LV
DSSOLHGDQGLVDVVRFLDWHGZLWKWKHGLIIHUHQFHEHWZHHQXDDQGXZRUXDXZSURYLGHGWKHUH
LVQRFKDQJHLQWKHVRLOZDWHUFRPSRVLWLRQ
&RQFHSWRI6XFWLRQLQ([SDQVLYH6RLOV
 7KHJHQHUDOFRQFHSWRIVRLOVXFWLRQGHVFULEHGDERYHGRHVQRWDSSHDUWRIXOO\DSSO\
LQWKHFDVHRIH[SDQVLYHVRLOV([SDQVLYHVRLOVKDYHDKLJKVXUIDFHFKDUJHDQGWKHUHIRUH
ZLWKRXW LQWURGXFLQJ VDOW VROXWLRQV WR H[SDQVLYH VRLOV RVPRWLF VXFWLRQ LQKHUHQWO\ H[LVWV
,ZDWD HW DO $V GHVFULEHG LQ WKH HDUOLHU VXEFKDSWHUV EDVHG RQ WKH FRQFHSW RI D
VLPSOLILHGWZRFOD\SODWHOHWDUUDQJHPHQWFDWLRQVDUHDWWUDFWHGWRWKHSDUWLFOHVXUIDFHVDQG

&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

GLVWULEXWHGLQDFFRUGDQFHZLWKWKH%ROW]PDQQGLVWULEXWLRQHTXDWLRQ0LWFKHOO1HDU
WKH FOD\ VXUIDFH WKH FRQFHQWUDWLRQ RI FDWLRQV LV KLJK DQG WKHQ GHFUHDVHV UDSLGO\ DQG
DSSURDFKHVDFRQVWDQWYDOXHDWDILQLWHGLVWDQFHIURPWKHXQLWOD\HUVXUIDFH$FFRUGLQJWR
WKLVFRQFHSW WKHFRQFHQWUDWLRQRIFDWLRQVDW WKLVSRLQWRUDW WKHPLGSODQHEHWZHHQWZR
LQWHUDFWLQJXQLWOD\HUVFRQWUROVWKHPDJQLWXGHRIRVPRWLFVXFWLRQ$VZDWHULVDGGHGWR
WKHEHQWRQLWHVZHOOLQJRFFXUVDQGWKHFRQFHQWUDWLRQRIFDWLRQVDWWKHPLGSODQHGHFUHDVHV
DQGWKHUHIRUHWKHRVPRWLFVXFWLRQGHFUHDVHV
 <RQJVWDWHGWKDWWKHWHUPZDWHUSRWHQWLDOZDVPRUHDSSURSULDWHWKDQVXFWLRQ
IRU H[SDQVLYH VRLOV:KLOH VXFWLRQ KDV D SRVLWLYH YDOXH ZDWHU SRWHQWLDO KDV D QHJDWLYH
YDOXH 0DWULF SRWHQWLDO FRQVLVWV RI FDSLOODU\ DFWLRQ DQG VRUSWLYH IRUFHV ZKLOH RVPRWLF
SRWHQWLDO LV GXH WR WKH VROXEOH VDOWV ZKLFK FDQ IUHHO\ PRYH LI WKHUH LV QR WUXH VHPL
SHUPHDEOHPHPEUDQH IRU WKH LRQV LH WKH VDOWV LQ WKHPDFURSRUHV 7KH SUHVHQFH RI
ZDWHUPHQLVFXVRUFDSLOODU\DFWLRQLVQRWQHFHVVDU\IRUVRLOWRKDYHPDWULFSRWHQWLDOVLQFH
LQ WKH DEVHQFH RI FDSLOODU\ DFWLRQ WKHUH LV VWLOO WKH SUHVHQFH RI VRUSWLYH IRUFHV <RQJ
6LQFHDWHTXLOLEULXP WKHSRWHQWLDORIZDWHU LQ WKH OLTXLGDQGYDSRXU IRUPV LV WKH
VDPHDWDOOSRLQWVZLWKLQWKHVRLOWKHWRWDOZDWHUSRWHQWLDORIWKHVRLOZKLFKLVPDQLIHVWHG
E\WKHWRWDOZDWHUSRWHQWLDORIWKHYDSRXUVSDFHMXVWDERYHRULQWKHVRLOZLOOEHEDODQFHG
E\WKHVXPRIPDWULFDQGRVPRWLFSRWHQWLDOFRPSRQHQWVRIWKHVRLOSRUHZDWHU+RZHYHU
WKHPDJQLWXGH RI HDFK FRPSRQHQWPD\ YDU\ZLWKLQ WKH VRLO GHSHQGLQJ RQ WKH GLVWDQFH
EHWZHHQSRLQWVLQWKHVRLOXQGHUFRQVLGHUDWLRQWRWKHVXUIDFHRIFOD\SDUWLFOHV7KHUHIRUH
RQWKHRXWHUVXUIDFHRIWKHVRLOFDSLOODU\VWLOOH[LVWVWREDODQFHWKHZDWHUSRWHQWLDORIWKH
DLUVSDFHLIWKHUHODWLYHKXPLGLW\RIWKHDLUVSDFHLVOHVVWKDQ2QWKHRXWHUVXUIDFH
RIWKHVRLOWKHLQIOXHQFHRIVRUSWLYHIRUFHVRQWKHPDJQLWXGHRIWRWDOZDWHUSRWHQWLDOLVQRW
DVVLJQLILFDQWDVLWVLQIOXHQFHRQWKHPDJQLWXGHRIWRWDOZDWHUSRWHQWLDODWDSRLQWZLWKLQD
VKRUWGLVWDQFHIURPWKHFOD\SDUWLFOHV+HQFHDLUZDWHULQWHUIDFHRUZDWHUPHQLVFXVKDV
WRH[LVWWRFRXQWHUWKHXQEDODQFHGIRUFHWKDWLVVWLOOSUHVHQWLQWKHV\VWHP
 6FKLFN  SUHVHQWV D PRGHO WR VHSDUDWH FRPSRQHQWV FRQVWLWXWLQJ VXFWLRQ LQ
H[SDQVLYH VRLOV $FFRUGLQJ WR WKH PRGHO VXFWLRQ LQ H[SDQVLYH VRLOV FRQVLVWV RI WZR
FRPSRQHQWV QDPHO\ D FRPSRQHQW ZKLFK LV UHODWHG WR FDSLOODU\ SKHQRPHQRQ DQG DQ
DGVRUSWLRQ FRPSRQHQW 7KH UHVSRQVH RI DQ H[SDQVLYH VRLO IROORZLQJ ZHWWLQJ LH WKH
LQFUHDVH LQZDWHU FRQWHQW DQGYRLG UDWLRRUGHJUHHRI VDWXUDWLRQGXH WR WKHGHFUHDVH LQ
VXFWLRQFDQEHTXDQWLILHGVHSDUDWHO\IRUHDFKFRPSRQHQWRIVXFWLRQXVLQJWKHPRGHO
 2Q WKH WKHUPRG\QDPLFEDVLV ,ZDWD HW DO GHVFULEHV DQ LQWHUGHSHQGHQF\RI
RVPRWLFVXFWLRQVRUSWLYHIRUFHVDQGVZHOOLQJGXHWRDQLQFUHDVHLQZDWHUSRWHQWLDORQWKH
VXUIDFHFKDUJHRI FOD\V7KHUHIRUH WKHPDJQLWXGHRIPDWULFSRWHQWLDORVPRWLFSRWHQWLDO
DQG WRWDO ZDWHU SRWHQWLDO DQG FRQVHTXHQWO\ WKHLU DOWHUDWLRQV DUH D UHVSRQVH WR ZDWHU
FRQWHQWFKDQJHVWKDWDUHFRXSOHGDQGFRQWUROOHGE\WKHSURSHUWLHVRIFOD\PLQHUDOV6LQFH
PDWULFSRWHQWLDOLQFOXGHVWKHHIIHFWVRIFDSLOODU\DQGVRUSWLYHIRUFHVDQGRVPRWLFSRWHQWLDO
LVGXHWRWKHSUHVHQFHRIVDOWVRULRQVLQWKHPDFURSRUHVWKHWRWDOZDWHUSRWHQWLDORIDQ

&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

H[SDQVLYH VRLO LV HTXDO WR WKH VXP RI WKH PDWULF DQG RVPRWLF SRWHQWLDO FRPSRQHQWV
7KHUHIRUHWKHWRWDOVXFWLRQLVHTXDOWRWKHVXPRIWKHPDWULFDQGRVPRWLFVXFWLRQRIWKH
VRLO
0LFUR6WUXFWXUDO&RQVLGHUDWLRQRI6XFWLRQLQ([SDQVLYH6RLOV
 7KH FODVVLFDO GHVFULSWLRQ RI VXFWLRQ DQG VXFWLRQ FRPSRQHQWV LQ DQ H[SDQVLYH VRLO
DVVXPHV WKDW WKHVRLOFRQVLVWVRIXQLIRUPFOD\XQLW OD\HUV WKDWDUHDUUDQJHG LQDSDUDOOHO
PDQQHU+RZHYHUHYHQLQWKHFDVHRISXUHVHGLPHQWHGFOD\DJJUHJDWLRQRFFXUVDQGWKHUH
LV D GHYHORSPHQW RI PLFURVWUXFWXUH LQ WKH VRLO &RQVLGHU D VFKHPDWLF SLFWXUH RI D
FRPSDFWHGEHQWRQLWHVDQGPL[WXUHVKRZQLQ)LJXUH$VWDEOHVWUXFWXUHRIFRPSDFWHG
PL[WXUHH[LWVZKHQWKHUH LVDEDODQFHEHWZHHQUHSXOVLYHDQGDWWUDFWLYHIRUFHVXQGHUDQ\
DSSOLHGH[WHUQDOSUHVVXUH7KHPHDVXUHGVXFWLRQUHSUHVHQWVWKHHQHUJ\VWDWXVRUSRWHQWLDO
RIZDWHUDWWKLVHTXLOLEULXPVWDWH
 $W WKH µDVFRPSDFWHG¶ VWDWH EHQWRQLWHVDQG PL[WXUHV PD\ H[KLELW D QRQXQLIRUP
GLVWULEXWLRQ RIZDWHU SRWHQWLDO RU WRWDO VXFWLRQ$W WKLV VWDWH WKH LQWHUDJJUHJDWH SRUH
ZDWHU LQ WKH FOD\ FOXVWHUV LV KHOG E\ FDSLOODU\PHQLVFL 7KH SRUHZDWHU KDV D GLIIHUHQW
SRWHQWLDO LQ WKH LQWUDDJJUHJDWH RU WKH LQWUDFOXVWHU SRUHZDWHU DQG WKH LQWHUODPLQDU
SRUHZDWHUGXHWRLQFRPSOHWHK\GUDWLRQ7KHWRWDOVXFWLRQPHDVXUHGXQGHUWKLVFRQGLWLRQ
FRUUHVSRQGV WR WKH VWDWXV RI SRUHZDWHU XQGHU WUDQVLHQW FRQGLWLRQV DQG PRVW OLNHO\
UHSUHVHQWVWKHSRWHQWLDORISRUHZDWHULQWKHLQWHUDJJUHJDWHSRUHV
 7KHSRWHQWLDORIZDWHULQWKHLQWHUDJJUHJDWHSRUHVLVKLJKHURUWKHWRWDOVXFWLRQLV
ORZHUWKDQWKDWLQWKHLQWUDDJJUHJDWHDQGWKHLQWHUODPLQDUSRUHV7KLVLVSULPDULO\GXHWR
D GLIIHUHQFH LQ WKH FDWLRQ FRQFHQWUDWLRQEHWZHHQ WKH LQWHUDJJUHJDWH SRUHZDWHU DQG WKH
LQWUDDJJUHJDWHSRUHZDWHU$VWLPHHODSVHVWKHUHLVDUHGLVWULEXWLRQRISRUHZDWHUZKHUH
LQWHUQDOIORZRIZDWHURFFXUVXQGHUDZDWHUSRWHQWLDOJUDGLHQW(YHQWXDOO\DµWUXH¶LQWHUQDO
HTXLOLEULXPFRQGLWLRQVLVDFKLHYHG7KHµWUXH¶HTXLOLEULXPFRQGLWLRQVDUHDFKLHYHGZKHQ
VXFWLRQLVWKHVDPHDWDOOOHYHOVRISRUHVLQWKHVRLO
 )LJXUH  VKRZV D SRVVLEOH WRWDO VXFWLRQ HYROXWLRQ DVVRFLDWHG ZLWK WKH LQWHUQDO
UHGLVWULEXWLRQRIZDWHU LQ WKHSRUHV7KHPRYHPHQWRISRUHZDWHU IURPRQHSRWHQWLDO WR
DQRWKHUSRWHQWLDOLQFUHDVHVWKHVL]HRIFOD\FOXVWHUVDQGWKXVGHFUHDVHVWKHLQWHUDJJUHJDWH
SRUH YROXPHV 7KH YRLG UDWLR RI WKH FRPSDFWHG PL[WXUH DV D ZKROH PD\ RU PD\ QRW
FKDQJH EXW ZDWHU FRQWHQW UHPDLQV XQDOWHUHG $W WKH µWUXH¶ HTXLOLELUXP VWDWH WKH WRWDO
VXFWLRQ UHSUHVHQWV DQ HTXLOLEULXP FRQGLWLRQ DQG LV KLJKHU WKDQ WKDW DW WKH LQLWLDO µDV
FRPSDFWHG¶ VWDWH7KH WLPH WR UHDFK WKH µWUXH¶ HTXLOLEULXP VWDWH GHSHQGVRQ WKH VL]H RI
SRUHVWKHGHJUHHRILQWHUDFWLRQEHWZHHQWKHSRUHZDWHUDQGWKHFOD\XQLWOD\HUVLHWKH
FKHPLVWU\RISRUH IOXLGDQG WKH W\SHRI FOD\ DQG WKHSHUPHDELOLW\ DWPLFURDQGPDFUR
VFDOHV

&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

µ7UXH¶HTXLOLEULXPVWDWH
:DWHUFRYHULQJ
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
)LJXUH7RWDOVXFWLRQFKDQJHZLWKWLPHGXHWRLQWHUQDOSRUHZDWHUUHGLVWULEXWLRQ
 7KHSUHVHQFHRIULJLGFOD\SDUWLFOHVVWURQJO\FRQWUROVWKHEHKDYLRXURIWKHVRLO7KH
SURSHUWLHVRI FOD\PLQHUDOV FDQEH UHSUHVHQWHGE\ WKH FRQVLVWHQF\ OLPLWV LH$WWHUEHUJ
OLPLWV 6ULGKDUDQ DQG 1DJDUDM  $WWHUEHUJ OLPLWV LQGLFDWH YDULDWLRQ RI WKH VRLO
SURSHUWLHVZLWKZDWHUFRQWHQW6RPHH[DPSOHVDUHVKHDUVWUHQJWK6ULGKDUDQDQG1DJDUDM
FRPSUHVVLYHDQGUHERXQGLQGLFHV6FKRILHOGDQG:URWK1DJDUDMDQG0LXUD
DQGFRHIILFLHQWRISHUPHDELOLW\1DJDUDMDQG0LXUD
 :DWHUFRQWHQW LV UHODWHG WR WRWDO VXFWLRQDQG WKHPDJQLWXGHRI WRWDO VXFWLRQDWDQ\
ZDWHUFRQWHQWFDQEHFRUUHODWHGWRWKHWRWDOVXFWLRQDWDUHIHUHQFHVWDWH1HOVRQDQG0LOOHU
XVHGOLTXLGDQGSODVWLFOLPLWVDVWKHUHIHUHQFHVWDWHVDQGUHSRUWHGWKDWDWWKHOLTXLG
OLPLWFOD\KDGVXFWLRQLQWKHUDQJHEHWZHHQN3DDQGN3D$WWKHSODVWLFOLPLWVXFWLRQ
LQWKHFOD\ZDVDERXWN3D)OHXUHDXHWDOFRQGXFWHGGU\LQJDQGZHWWLQJF\FOHV
RQVHYHUDOVOXUULHGFOD\VSHFLPHQVDQGIRXQGWKDWRQWKHGU\LQJSDWKWKHLQLWLDOO\VOXUULHG
VSHFLPHQVKDGDVXFWLRQRIDERXWN3DDWOLTXLGOLPLWZKHUHDVDWWKHSODVWLFOLPLWVXFWLRQ
UHDFKHGDVPXFKDVN3D7KH OLTXLG OLPLW UHSUHVHQWV WKHZDWHUKROGLQJFDSDFLW\RI
FOD\DQGGHILQHVWKHPLFUROHYHOLQWHUDFWLRQVRIWKHFOD\SDUWLFOHV7KHOLTXLGOLPLWDSSHDUV
WR EH WKH PRUH SUHIHUDEOH YDOXH WR XVH WR DVVHVV FOD\ SURSHUWLHV 7KH XVH RI FRQH
SHQHWURPHWHUPHWKRGKDV HQDEOHG WKH OLTXLG OLPLW GHWHUPLQDWLRQRI ILQHJUDLQHG VRLOV WR
EHFRPHPRUHFRQVLVWHQW
 6WUHVV6WDWH&RQFHSWRI8QVDWXUDWHG([SDQVLYH6RLOV
 7KHGLIIHUHQFHEHWZHHQHIIHFWLYHVWUHVVFRQFHSWRIVDWXUDWHGDQGXQVDWXUDWHGVRLOVLV
GXHWRWKHSUHVHQFHRIDLUSKDVHLQXQVDWXUDWHGVRLOV6LPLODUWRWKHHIIHFWLYHVWUHVVFRQFHSW

&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

RI VDWXUDWHG H[SDQVLYH VRLOV WKH IRUPXODWLRQ RI HIIHFWLYH VWUHVV FRQFHSW IRU XQVDWXUDWHG
H[SDQVLYHVRLOVLVDOVREDVHGRQWKHJUDLQFRQWDFWSUHVVXUHFRQFHSW.KDOLOLHWDO
7KHVWUHVVVWDWHFRQFHSWVRIXQVDWXUDWHGVRLOVDQGXQVDWXUDWHGH[SDQVLYHVRLOVWKDWKDYH
EHHQSURSRVHGVRIDUKDYHDWWHPSWHGWREHGLUHFWHGLQWRDVLQJOHYDOXHGHIIHFWLYHVWUHVVRU
D JHQHUDO RQH VWUHVV VWDWH YDULDEOH DSSURDFK )UHGOXQG DQG 5DKDUGMR  $QRWKHU
DSSURDFKLVDQLQGHSHQGHQWVWUHVVVWDWHYDULDEOHVDSSURDFKZKLFKJDLQVJUHDWHUDFFHSWDQFH
LQFRQVWLWXWLYHPRGHOOLQJQRZDGD\V
6LQJOH9DOXHG(IIHFWLYH6WUHVV&RQFHSW
 7KH PRVW IUHTXHQWO\ XVHG HIIHFWLYH VWUHVV IRUPXODWLRQ IRU XQVDWXUDWHG VRLOV ZDV
SURSRVHGE\%LVKRS
    D D Z QHWX X X VV V F Vc       F  
ZKHUHXDLVWKHSRUHDLUSUHVVXUHȤLVWKHHIIHFWLYHVWUHVVSDUDPHWHUUHODWHGWRWKHGHJUHH
RIVDWXUDWLRQRIWKHVRLOZKLFKKDVDYDOXHRIXQLW\IRUDVDWXUDWHGVRLODQG]HURIRUDGU\
VRLOVQHWLVWKHQHWVWUHVVDQGVLVWKHVRLOVXFWLRQ
 7KH VLQJOHYDOXHG HIIHFWLYH VWUHVV FRQFHSW KDV VXEVHTXHQWO\ DGRSWHG E\ PDQ\
UHVHDUFKHUV HJ.RKJRHWDO%RO]RQHWDODQG.KDOLOLHWDOZKR
GHVFULEHVDSSOLFDELOLW\RIWKHFRQFHSWWRGHVFULEHVRLOPHFKDQLFVSKHQRPHQD6RPHRIWKH
SKHQRPHQDVXFKDVGLODWLRQDQGFROODSVHZHUHFODLPHGWREHH[SODLQDEOHXVLQJWKHVLQJOH
YDOXHG HIIHFWLYH VWUHVV FRQFHSW DV ORQJ DV DQ DSSURSULDWH SODVWLFLW\ PRGHO ZDV
LQFRUSRUDWHG.KDOLOL+RZHYHUQRHYLGHQFHKDVEHHQSURYLGHGWKXVIDUWRYDOLGDWH
JHQHUDOXVHGRI WKH VLQJOHYDOXHGHIIHFWLYH VWUHVVFRQFHSW LQH[SODLQLQJXQVDWXUDWHG VRLO
EHKDYLRXU
 7KHUHODWLRQVKLSEHWZHHQSDUDPHWHUȤDQGGHJUHHRIVDWXUDWLRQRIDVRLOLVQRUPDOO\
REWDLQHG H[SHULPHQWDOO\ %LVKRS DQG +HQNHO  GHPRQVWUDWHG WKH GHSHQGHQF\ RI
SDUDPHWHUȤRQWKHVRLOW\SH7KHUHIRUHWKHPDJQLWXGHRIȤYDOXHLVUHODWHGQRWRQO\WRWKH
VRLOGHJUHHRIVDWXUDWLRQSHUVHEXWDOVRWRWKHVRLOVWUXFWXUH.KDOLOLHWDO)XUWKHU
)UHGOXQGDQG5DKDUGMRLQGLFDWHGGLIILFXOWLHVUHODWHGWRWKHXVHRIVLQJOHHIIHFWLYH
VWUHVVHTXDWLRQWRGHVFULEHXQVDWXUDWHGVRLOEHKDYLRXU,WZDVSRLQWHGRXWWKDWWKHȤYDOXH
ZDVHYHQUHODWHGWRVWUHVVDQGVXFWLRQSDWKVWRZKLFKWKHVRLOZDVVXEMHFWHG7KHVHIDFWRUV
OHDGWRWKHXVHRILQGHSHQGHQWVWUHVVVWDWHYDULDEOHVIRUXQVDWXUDWHGVRLOV
7ZR,QGHSHQGHQW6WUHVV6WDWH9DULDEOH$SSURDFK
 &ROHPDQDQG0DW\DVDQG5DGKDNULVKQDZHUHDPRQJVWWKHILUVWWRXVH
WKH WZRLQGHSHQGHQW VWUHVV VWDWH YDULDEOH DSSURDFK IRU XQVDWXUDWHG VRLOV )UHGOXQG DQG
0RUJHQVWHUQ  SURYLGHG D WKHRUHWLFDO DQDO\VLV RI VWUHVV VWDWH YDULDEOHV IRU
XQVDWXUDWHGVRLOVEDVHGRQWKHPXOWLSKDVHFRQWLQXXPPHFKDQLFVE\WDNLQJWKHFRQWUDFWLOH

&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

VNLQDVWKHIRXUWKSKDVHRIWKHVRLO7KHDQDO\VLVFRQFOXGHGWKDWDQ\WZRRIWKUHHSRVVLEOH
VWUHVVYDULDEOHVFDQEHXVHGWRGHVFULEHWKHVWUHVVVWDWHRIDQXQVDWXUDWHGVRLO7KHSRVVLEOH
FRPELQDWLRQVRIVWUHVVVWDWHYDULDEOHVWKDWFDQEHXVHGDUHVXDDQGXDXZV
XZDQGXDXZDQGVXDDQGVXZ7KHILUVWFRPELQDWLRQKDVEHHQXVHGPXFK
PRUHIUHTXHQWO\WKDQWKHRWKHUFRPELQDWLRQV
 7KHWZRLQGHSHQGHQWVWUHVVVWDWHYDULDEOHDSSURDFKKDVVXEVHTXHQWO\EHHQDGRSWHG
E\PDQ\ UHVHDUFKHUV HJ$ORQVR HW DO *HQV DQG$ORQVR $ORQVR HW DO
 &XL HW DO E DQG 9X DQG )UHGOXQG  7KH FRQFHSW KDV DOVR EHHQ
DSSOLFDEOHIRUVDWXUDWHGDQGGU\VRLOVDVVSHFLDOFDVHVRIXQVDWXUDWHGVRLOV)UHGOXQGDQG
5DKDUGMR
 5HODWLRQVKLSEHWZHHQ6ZHOOLQJ&ROODSVHDQG6XFWLRQLQ8QVDWXUDWHG
([SDQVLYH6RLOV
 6ZHOOLQJRIDQH[SDQVLYHVRLODWXQVDWXUDWHGVWDWHLVLQLWLDWHGDWWKHPLFURVWUXFWXUDO
OHYHO RI SRUHV 7KH PDFURVFRSLF PHDVXUDEOH HIIHFW LV D UHVXOW RI LQWHUDFWLRQV EHWZHHQ
FKDQJHV LQ WKHPLFUR DQGPDFURSRUHV DV D UHVSRQVH WR WKH DSSOLHG K\GURPHFKDQLFDO
SURFHVVHV :KHQ DQ H[SDQVLYH VRLO LV GU\ K\GUDWLRQ IRUFHV GXH WR XQK\GUDWHG
H[FKDQJHDEOH FDWLRQV QHDU WKH FOD\ VXUIDFH GRPLQDWH $Q LQFUHDVH LQ ZDWHU FRQWHQW
VDWLVILHVWKHVHIRUFHVDQGLQFUHDVHVWKHLQWHUOD\HUVHSDUDWLRQGLVWDQFHWRDERXWWKUHHWRIRXU
PRQROD\HUVRIZDWHUPROHFXOHVRUDERXWcDQGDVDUHVXOWFU\VWDOOLQHVZHOOLQJRFFXUV
<RQJ
 ,IDIWHUFRPSOHWHDEVRUSWLRQRIWKUHHWRIRXUZDWHUOD\HUVLQWKHLQWHUOD\HUVSDFHWKH
YROXPHRIVRLOLVUHVWUDLQHGDJDLQVWVZHOOLQJWKHRUHWLFDOO\WKHVZHOOLQJSUHVVXUHH[HUWHG
SURYLGHV DPHDVXUH RI WKH RVPRWLF VXFWLRQ 7KH K\GUDWLRQ IRUFHV SURYLGH DQ DGGLWLRQDO
GULYLQJ IRUFH IRU ZDWHU LQ D VLPLODU PDQQHU WR FDSLOODU\ IRUFHV DQG RVPRWLF VXFWLRQ
%HVLGHV WKH K\GUDWLRQ IRUFHV RWKHU FRQWULEXWLQJ IRUFHV DULVH IURP YDQ GHU:DDOV IRUFH
ILHOGV DQG RWKHU VKRUWUDQJH DWWUDFWLYH IRUFHV $OO WKHVH IRUFHV DUH RSHUDWLYH DW D VKRUW
UDQJHIURPFOD\SDUWLFOHVDQGFRQWUROWKHPDJQLWXGHRIVRUSWLYHIRUFHV
 7KHLQFUHDVHGZDWHUSRWHQWLDORUWRWDOVXFWLRQYDOXHXSRQZHWWLQJLVFRPSHQVDWHG
E\VZHOOLQJLQWKHFDVHRIIUHHVZHOOFRQGLWLRQRUE\DQLQFUHDVHRIVZHOOLQJSUHVVXUHLQ
WKH FDVH RI FRQVWUDLQHG VZHOOLQJ:KHQ WKHUH LV QR PRUH VZHOOLQJ RU IXUWKHU VZHOOLQJ
SUHVVXUHGHYHORSPHQWZDWHUSRWHQWLDOVDUHPDFURVFRSLFDOO\WKHVDPHDWDOOSRLQWV LQWKH
VRLO 7KH QRQ]HUR YDOXH RI ZDWHU SRWHQWLDO LV UHSUHVHQWHG E\ WKH PHDVXUHG VZHOOLQJ
SUHVVXUH LQ WKH FDVH RI FRQVWDQW YROXPH FRQGLWLRQV &DSLOODU\ PHQLVFXV PD\ QRW EH
SUHVHQW ZLWKLQ WKH VRLO ZKLFK LV PRVW OLNHO\ DW VDWXUDWLRQ &RQVHTXHQWO\ WKH VZHOOLQJ
SUHVVXUHUHSUHVHQWVWKHVXPRIRVPRWLFSRWHQWLDODQGVRUSWLYHIRUFHVDWHTXLOLEULXP
 ,QWKHFDVHRIIUHHVZHOOFRQGLWLRQV WKHUHLVDUHGXFWLRQRIVXFWLRQWRZDUGVD]HUR
YDOXH)UHGOXQGDQG5DKDUGMR8QGHU]HURDSSOLHGVWUHVVWKHVDWXUDWLRQSURFHVVRI

&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

DQ H[SDQVLYH VRLO PD\ WDNH DQ H[WUHPHO\ ORQJ WLPH RU HOVH WKH H[SDQVLYH VRLO QHYHU
UHDFKHV IXOO VDWXUDWLRQ 7KH FKDQJH LQ ZDWHU XSWDNH KDV HVVHQWLDOO\ YDQLVKHG QHDU
VDWXUDWLRQ +RZHYHU WKHUH VWLOO H[LVWV FDSLOODU\ IRUFH WKDW PD\ EH UHODWLYHO\ VPDOO
$OWKRXJKWKHVRLOLVFORVHWRIXOOVDWXUDWLRQLWPD\KDYHDORZFRHIILFLHQWRISHUPHDELOLW\
VLQFH WKH LQWHUDJJUHJDWH SRUH YROXPH LV UHGXFHG DV D UHVXOW RI VHDOLQJ RI WKH LQWHU
DJJUHJDWHSRUHVE\WKHVZROOHQFOD\SDUWLFOHVLHWKHVHOIVHDOLQJHIIHFW7KHK\GUDXOLF
JUDGLHQWUHVSRQVLEOHIRUGULYLQJWKHIORZRIZDWHULQWRWKHVRLOVSHFLPHQLVORZVLQFHWKH
PDWULFVXFWLRQLVORZ
 $FFRUGLQJWRWKHDERYHH[SODQDWLRQLWLVFOHDUWKDWWKHWUDQVLHQWSURFHVVRIVZHOOLQJ
RU VZHOOLQJSUHVVXUHGHYHORSPHQW LQ DQXQVDWXUDWHG H[SDQVLYH VRLO IROORZLQJZHWWLQJ LV
UHODWHG WR WKH LQLWLDO RVPRWLF SRWHQWLDO DQG VRUSWLYH IRUFHV RI WKH VRLO 7KH FDSLOODU\
FRPSRQHQW RI VXFWLRQPD\ KDYH DQ LQIOXHQFH RQ WKH HQG YDOXH RI VZHOOLQJ RU VZHOOLQJ
SUHVVXUH *HQHUDOO\ VZHOOLQJ RU VZHOOLQJ SUHVVXUH LQFUHDVHV ZLWK GHFUHDVLQJ VXFWLRQ
+RZHYHUUHVXOWVRIVZHOOLQJSUHVVXUHWHVWVUHSRUWHGE\5RPHURHWDODQG/ORUHWHW
DO  LQGLFDWH WKDW VZHOOLQJ SUHVVXUH PD\ DOVR GURS ZLWK GHFUHDVLQJ VXFWLRQ
LQGLFDWLQJDFROODSVHSKHQRPHQRQ
$VKDVEHHQH[SODLQHGLQ6XEFKDSWHUFROODSVHDSSHDUVWREHFRQWUDGLFWRU\WR
WKH HIIHFWLYH VWUHVV SULQFLSOH 7KLV LV SDUWLFXODUO\ WUXH ZKHQ XVLQJ WKH VLQJOHYDOXHG
HIIHFWLYH VWUHVV LQ WKH DQDO\VLV RI VWUHVVGHIRUPDWLRQ SUREOHPV RI XQVDWXUDWHG VRLOV
$OWKRXJKLWKDVEHHQFLWHGWKDWFROODSVHLVVRLOEHKDYLRXUDWSDUWLFOHOHYHOWKHFRQFHSWRI
WZR LQGHSHQGHQW VWUHVV VWDWH YDULDEOHV FDQEHXVHG WR H[SODLQ WKH FROODSVHEHKDYLRXU RI
VRLOVDWPDFURVFRSLFOHYHO)UHGOXQGDQG5DKDUGMR6KXDLDQG)UHGOXQGDQG
9X DQG )UHGOXQG  7KH TXDQWLILFDWLRQ RI VZHOOLQJ RU VZHOOLQJ SUHVVXUH DQG
VKULQNLQJ DQG FROODSVH RI DQ H[SDQVLYH VRLO ZLWK FHUWDLQ LQLWLDO FRQGLWLRQV LH ZDWHU
FRQWHQWYRLGUDWLRQRUGU\GHQVLW\DQGVXFWLRQIROORZLQJFHUWDLQK\GURPHFKDQLFDOSDWKV
UHTXLUHVDFRQVWLWXWLYHPRGHO ,Q&KDSWHUVHYHUDOPRGHOV WKDWKDYHEHHQSURSRVHGIRU
PRGHOOLQJ H[SDQVLYH VRLO EHKDYLRXU ZLWK UHVSHFW WR K\GURPHFKDQLFDO ORDGLQJV DUH
GHVFULEHG
 )HDWXUHVRI8QVDWXUDWHG([SDQVLYH6RLOV
7KH PRGHOOLQJ RI H[SDQVLYH VRLOV UHTXLUHG NQRZOHGJH DERXW WKH IHDWXUHV RI
XQVDWXUDWHGH[SDQVLYHVRLOV$ORQVROLVWHGVHYHUDOPDLQIHDWXUHVRIH[SDQVLYHVRLOV
WKDW KDYH WR EH FRQVLGHUHG ZKHQ GHYHORSLQJ D FRQVWLWXWLYH PRGHO IRU EHKDYLRXUDO
SUHGLFWLRQSXUSRVHV
 %HKDYLRXUXQGHUVLPSOHSDWKV
x )RU D JLYHQ VRLO GU\ GHQVLW\ DQG FRQILQLQJ VWUHVV WKH ILQDO VZHOOLQJ XSRQ
ZHWWLQJGHSHQGVRQWKHLQLWLDOZDWHUFRQWHQWRUWKHLQLWLDOVXFWLRQRIWKHVRLO

&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

7KHKLJKHULVWKHLQLWLDOZDWHUFRQWHQWRIWKHVSHFLPHQWKHORZHUZLOOEHWKH
VZHOOLQJ+RO]DQG*LEEV
x )RUDJLYHQVRLOGU\GHQVLW\DQGLQLWLDOZDWHUFRQWHQWRULQLWLDOVXFWLRQWKH
VZHOOLQJVWUDLQLVLQIOXHQFHGE\WKHVWUHVVOHYHODFWLQJRQWKHVRLO7KHKLJKHU
LV WKH VWUHVV OHYHO WKH ORZHUZLOOEH WKH VZHOOLQJVWUDLQXSRQZHWWLQJ +ROW]
DQG*LEEV
x )RUDJLYHQVRLOFRQILQLQJVWUHVVDQGLQLWLDOZDWHUFRQWHQWRULQLWLDOVXFWLRQ
WKHVZHOOLQJVWUDLQXSRQZHWWLQJGHSHQGVRQWKHLQLWLDOGU\GHQVLW\RIWKHVRLO
7KHKLJKHULVWKHLQLWLDOGU\GHQVLW\RIWKHVRLOWKHORZHUZLOOEHWKHVZHOOLQJ
VWUDLQXSRQZHWWLQJ+ROW]DQG*LEEV
x )LQDOVZHOOLQJSUHVVXUHGHSHQGVRQWKHLQLWLDOGU\GHQVLW\RIWKHVRLOZLWKRXW
SURQRXQFHGHIIHFWVRILQLWLDOZDWHUFRQWHQW+ROW]DQG*LEEV6ULGKDUDQ
HW DO  DQG0HVUL HW DO $W KLJK LQLWLDOZDWHU FRQWHQW VZHOOLQJ
SUHVVXUH WHQGV WR EH HTXDO WR WKH LQLWLDO VXFWLRQ RI WKH VRLO ZKLFK LV LQ
FRQFRUGDQFHZLWKWKHHIIHFWLYHVWUHVVFRQFHSW
x 'XULQJSURJUHVVLYHZHWWLQJSURFHVVVZHOOLQJSUHVVXUHPD\UHDFKDQDEVROXWH
PD[LPXPYDOXHDWDQLQWHUPHGLDWHZDWHUFRQWHQWRUVXFWLRQDQGPD\GHFD\
WR UHDFK D UHVLGXDO YDOXH 7KLV EHKDYLRXU KDV EHHQ REVHUYHG E\ PDQ\
UHVHDUFKHUVVXFKDV$ORQVRHWDO5RPHURHWDODQG/ORUHWHW
DO
 %HKDYLRXU XQGHU FRPSOH[ SDWKV LQYROYLQJ FKDQJHV LQ VXFWLRQ DQG PHFKDQLFDO
ORDGLQJ
x $W ORZ VWUHVV OHYHO ZHWWLQJGU\LQJ F\FOHV LQGXFH DQ DFFXPXODWLRQ RI
H[SDQVLRQ RU VZHOOLQJ 7KLV SDUWLFXODU IHDWXUH RI H[SDQVLYH VRLO KDV EHHQ
DGGUHVVHGDQGSUHVHQWHGLQ$ORQVRHWDO
x $WKLJKVWUHVVOHYHOWKHUHLVDQDFFXPXODWLRQRIFRQWUDFWLRQRUVKULQNDJHRI
WKHVRLODIWHUF\FOLFZHWWLQJDQGGU\LQJ7KHH[SHULPHQWDOHYLGHQFHVKRZQLQ
HJ 'LI DQG %OXHPHO  DQG $ORQVR HW DO  LV D SURRI RI WKLV
SDUWLFXODUEHKDYLRXURIH[SDQVLYHVRLOV
 /RQJWHUPDQGRVPRWLFHIIHFWV
x 7KH ORQJWHUP HIIHFWV DV DGGUHVVHG LQ$ORQVR  DUH UHODWHG WR SULPDU\
DQG VHFRQGDU\ EHKDYLRXU RI H[SDQVLYH VRLOV VXFK DV FRPSUHVVLRQ XQGHU
VDWXUDWHGDQGXQVDWXUDWHGVWDWHVZHOOLQJDQGVZHOOLQJSUHVVXUHGHYHORSPHQW
7KHH[SHULPHQWDOSURRIRIWKLVEHKDYLRXUFDQEHIRXQGLQHJ.RPRUQLNDQG

&KDSWHU+\GURPHFKDQLFDOEHKDYLRXURIH[SDQVLYHVRLOV

=HLWOHQ7KHVHFRQGDU\HIIHFWVKDYHDOVREHHQDGGUHVVHGDQGPRGHOOHG
E\1DYDUURDQG$ORQVRDVDORFDOGHK\GUDWLRQSURFHVV
x 7KH RVPRWLF HIIHFWV DUH PDLQO\ UHODWHG WR WKH HIIHFWV RI SRUH VROXWH
FRQFHQWUDWLRQ RQ WKH PHFKDQLFDO EHKDYLRXU RI H[SDQVLYH VRLOV 7KH
FRQVHTXHQFHRI WKLV FRQVLGHUDWLRQ LV WKDWZKHWKHU RVPRWLF VXFWLRQKDV WR EH
FRQVLGHUHGVHSDUDWHO\DVVWUHVVVWDWHYDULDEOHLQWKHPRGHOOLQJRIXQVDWXUDWHG
EHKDYLRXU RI H[SDQVLYH VRLOV %DUERXU DQG )UHGOXQG  VKRZHG WKDW
RVPRWLF VXFWLRQ FDQ EH FRQVLGHUHG DV RQH RI WKH VWUHVV VWDWH YDULDEOHV IRU
VDWXUDWHGH[SDQVLYHVRLOV

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV

&+$37(5 
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 *HQHUDO
 ,QWKLVFKDSWHUWKUHHFRQVWLWXWLYHPRGHOVWKDWKDYHEHHQSURSRVHGIRUPRGHOOLQJWKH
EHKDYLRXURIH[SDQVLYHVRLOVDUHGHVFULEHG7KHFRQVWLWXWLYHPRGHOVSUHVHQWHGDUH WKRVH
ZKLFK DUH EDVHG RQ PDFURVFRSLF PHDVXUDEOH UHVSRQVH RI H[SDQVLYH VRLOV WR K\GUR
PHFKDQLFDOORDGLQJRUXQORDGLQJLHSKHQRPHQRORJLFDODSSURDFK7KHILUVWFRQVWLWXWLYH
PRGHOLVDQHODVWRSODVWLFFRQVWLWXWLYHPRGHOIRUH[SDQVLYHVRLOV7KHVHFRQGFRQVWLWXWLYH
PRGHO SUHVHQWHG KHUHLQ LV D YROXPH FKDQJH PRGHO ZKLFK LV EDVHG RQ WKH VRLO SKDVH
FRQWLQXLW\UHTXLUHPHQWV7KHWKLUGFRQVWLWXWLYHPRGHOLVDQRQOLQHDUHODVWLFPRGHOZKLFK
KDV EHHQ SURSRVHG IRU KHDYLO\ FRPSDFWHG FOD\V $GGLWLRQDOO\ PRGHOV RI VRLOZDWHU
FKDUDFWHULVWLF FXUYHV DQG VDWXUDWHG DQG XQVDWXUDWHG SHUPHDELOLW\ WKDW PD\ EH XVHG IRU
GHULYLQJ SHUPHDELOLW\ IXQFWLRQV IRU WKHPDWHULDO LQYHVWLJDWHG KHUHLQ DUH DOVR SUHVHQWHG
7KHSHUPHDELOLW\PRGHOVSUHVHQWHG LQFOXGH WKHFODVVLFDO.R]HQ\&DUPDQPRGHOFOXVWHU
PRGHODQGJHOPRGHOIRUVDWXUDWHGSHUPHDELOLW\WKHPDFURVFRSLFPRGHOIRUXQVDWXUDWHG
SHUPHDELOLW\DQGWKHVWDWLVWLFDOPRGHOIRUVDWXUDWHGDQGXQVDWXUDWHGSHUPHDELOLW\
 &RQVWLWXWLYH0RGHO,$Q(ODVWR3ODVWLF0RGHOIRU8QVDWXUDWHG([SDQVLYH
6RLOV%DUFHORQD([SDQVLYH0RGHORU%([0
 7KHHODVWRSODVWLFPRGHOLVDSKHQRPHQRORJLFDODSSURDFKZKLFKKDVEHHQXVHGDVD
IUDPHZRUNWRVWXG\VRLOEHKDYLRXU ,Q WKHSKHQRPHQRORJLFDODSSURDFK WKHPDFURVFRSLF
EHKDYLRXU ZKLFK LV UHSUHVHQWHG E\ VHYHUDO PHDVXUDEOH UHVSRQVHV RI VRLO WR VWUHVV
WHPSHUDWXUH DQG RWKHU YDULDEOHV DUH FRUUHODWHG WR WKH YDULDEOHV XQGHU FRQVLGHUDWLRQV
WKURXJK VHYHUDO VRLO SURSHUWLHV $ORQVR HW DO  SURSRVHG D JHQHUDO HODVWRSODVWLF
PRGHOIRUXQVDWXUDWHGVRLOVZKLFKLVNQRZQDV%DUFHORQD%DVLF0RGHO%%08VLQJWKLV
PRGHOWKHEHKDYLRXURIXQVDWXUDWHGVRLOVVXFKDVVZHOOLQJDQGFROODSVHFDQEHPRGHOOHG
TXLWHVDWLVIDFWRULO\,WZDVUHDOLVHGODWHURQWKDWH[SDQVLYHVRLOVSRVVHVGRXEOHVWUXFWXUHV
ZKLFK UHTXLUHPRGLILFDWLRQV WR WKHPRGHO 7KH%%0PRGHOZDVPRGLILHG WR WDNH LQWR
DFFRXQW WKH PRUH UHDOLVWLF EHKDYLRXU RI H[SDQVLYH VRLOV 7KH QHZ PRGHO LV FDOOHG
%DUFHORQD([SDQVLYH0RGHO%([0*HQVDQG$ORQVRDQG$ORQVRHWDO
%RWKWKH%%0DQGWKH%([0XVHWZRVWUHVVVWDWHYDULDEOHVIRUXQVDWXUDWHGVRLOVEDVHGRQ
SUHYLRXV ZRUNV VXFK DV E\ 0DW\DV DQG 5DGKDNULVKQD  DQG )UHGOXQG DQG

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV

0RUJHQVWHUQ 7KHDVVXPSWLRQVXVHG LQ WKHGHYHORSPHQWRI WKH%([0DUH *HQV
DQG$ORQVR$ORQVRDQG$ORQVRHWDO
 ([SDQVLYHVRLOVFRQVLVWRIWZROHYHOVRISRUHVQDPHO\PDFURSRUHVDQGPLFURSRUHV
0LFURSRUHVDUHFRQVLGHUHGWRUHPDLQVDWXUDWHG
 ([SDQVLYH VRLOV EHKDYH HODVWLFDOO\ DW PLFUR OHYHO 7KH EHKDYLRXU RI WKH PLFUR
VWUXFWXUDOOHYHOLVSXUHO\YROXPHWULFDQGLVRWURSLFDJDLQVWFKDQJHVLQLVRWURSLFVWUHVV
DQGVXFWLRQ6LQFHWKHPLFURVWUXFWXUDOOHYHOLVVDWXUDWHGWKHHIIHFWLYHVWUHVVSULQFLSOH
KROGV IRU WKH PLFURVWUXFWXUH DQG WKH PLFURVWUXFWXUDO GHIRUPDWLRQ RI WKH VRLO LQ
UHVSRQVHWRDFKDQJHLQVXFWLRQLVOLNHO\WREHHTXLYDOHQWWRWKDWLQGXFHGE\DFKDQJH
LQDSSOLHGVWUHVV
 0LFURDQGPDFURVWUXFWXUHVDUHDWPHFKDQLFDOK\GUDXOLFDQGFKHPLFDOHTXLOLEULXP
 0LFURVWUXFWXUDO EHKDYLRXU LV LQGHSHQGHQW RI WKHPDFURVWUXFWXUH EXW WKH UHYHUVH LV
QRW WUXH 7KHVH IDFWV VXJJHVW WKDW WKHUH H[LVW LQWHUDFWLRQV EHWZHHQ WKH PLFUR DQG
PDFURVWUXFWXUHVRIH[SDQVLYHVRLOV
 6XFWLRQLVUHJDUGHGDVWKHGLIIHUHQFHEHWZHHQSRUHDLUDQGSRUHZDWHUSUHVVXUHLQWKH
VRLODQGKHQFHLWUHSUHVHQWVFDSLOODU\SKHQRPHQRQ
 (ODVWLF9ROXPH&KDQJH)RUPXODWLRQ
 $QH[SDQVLYHVRLOH[KLELWVPLFURDQGPDFURVWUXFWXUDOGHIRUPDWLRQZKHQVXEMHFWHG
WR FKDQJHV LQ VWUHVV DQGRU VXFWLRQ 7KH YROXPHWULF GHIRUPDWLRQ FRQVLVWV RI WZR
FRPSRQHQWV QDPHO\ HODVWLF DQG SODVWLF FRPSRQHQWV RI GHIRUPDWLRQ 7KH IROORZLQJ
HTXDWLRQ H[SUHVVHV WKH HODVWLFPLFURVWUXFWXUDO YROXPHWULF GHIRUPDWLRQ DV D UHVSRQVH WR
FKDQJHVLQWKHHIIHFWLYHVWUHVV$ORQVRDQG$ORQVRHWDO

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ZKHUHHHYPLVWKHHODVWLFPLFURVWUXFWXUDOYROXPHWULFVWUDLQHPLVWKHPLFURYRLGUDWLR.P
LVWKHFRHIILFLHQWRIYROXPHFKDQJHIRUWKHPLFURVWUXFWXUHNPLVWKHFRPSUHVVLYHLQGH[IRU
WKH PLFURVWUXFWXUH DP DQG EP DUH PDWHULDO SDUDPHWHUV DQG ÖS  LV D PLFURVWUXFWXUDO
HIIHFWLYHVWUHVVDQGLVGHILQHGLQWKHIROORZLQJHTXDWLRQ$ORQVR
 Ö WS S V   
ZKHUHSLVWKHQHWPHDQVWUHVVS VP±XDDQGVPLVWKHPHDQVWUHVVVP VV
VDQGVWLVWRWDOVXFWLRQ
 0DFURVWUXFWXUDOYROXPHWULFFKDQJHUHIOHFWVWKHYROXPHWULFFKDQJHRIVRLOVWUXFWXUH
DQGLVFKDUDFWHULVHGE\WKHPHDVXUHGYROXPHFKDQJHRUYRLGUDWLRH7KHWRWDOYRLGUDWLR

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV

RUYRLGUDWLRFRQVLVWVRIPLFURVWUXFWXUDOYRLGUDWLRHPDQGPDFURVWUXFWXUDOYRLGUDWLR
H0 7KH PDFURVWUXFWXUDO YRLG UDWLR FKDQJHV DV D UHVSRQVH WR FKDQJHV LQ VWUHVV DQG
VXFWLRQ 7KH FKDQJH LQ VWUHVV DQG VXFWLRQ LQGXFHV HODVWLF DQG SODVWLF PDFURVWUXFWXUDO
YROXPHWULF VWUDLQV 7KH HODVWLF FRPSRQHQW RI WKH PDFURVWUXFWXUDO RU VRLO VWUXFWXUH
YROXPHWULFGHIRUPDWLRQLVIRUPXODWHGLQWKHIROORZLQJHTXDWLRQ
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
ZKHUH.WDQG.VLVWKHFRHIILFLHQWRIYROXPHFKDQJHZLWKUHVSHFWWRDFKDQJHLQQHWPHDQ
VWUHVV DQG VXFWLRQ UHVSHFWLYHO\ N DQG NV LV WKH FRPSUHVVLYH LQGH[ ZLWK UHVSHFW WR D
FKDQJHLQQHWPHDQVWUHVVDQGVXFWLRQUHVSHFWLYHO\
 ,Q WKH DERYH HTXDWLRQ SDWP LV WKH DWPRVSKHULF SUHVVXUH ZKLFK LV DGGHG WR DYRLG
LQILQLWH YDOXHV DV V DSSURDFKHV ]HUR $ORQVR HW DO  7KH EHKDYLRXU RI H[SDQVLYH
VRLOV GHVFULEHG LQ WKLV GLVVHUWDWLRQ LV OLPLWHG WR WKH EHKDYLRXU LQ WKH SVH WKUHH
GLPHQVLRQDOVWUHVVVSDFHXQGHURHGRPHWULFFRQGLWLRQV$QH[WHQVLRQRIWKHPRGHOIRUWKH
WULD[LDO VWUHVV VSDFH KDV EHHQ GHVFULEHG LQ *HQV DQG $ORQVR  DQG $ORQVR HW DO
 EDVHG RQ WKH H[WHQVLRQ SURSRVHG HDUOLHU LQ WKH %%0 PRGHO E\ $ORQVR HW DO

 3ODVWLF%HKDYLRXUDQG/RDGLQJ&ROODSVH/&<LHOG&XUYH
 &RQVLGHU D VRLO VSHFLPHQ DW D JLYHQ VXFWLRQ YDOXH ZKLFK LV FRPSUHVVHG
LVRWURSLFDOO\ DORQJ LWV YLUJLQ FRPSUHVVLRQ OLQH 7KH YROXPHWULF VWUDLQ RI WKH VSHFLPHQ
GXULQJFRPSUHVVLRQLVH[SUHVVHGXVLQJWKHIROORZLQJHTXDWLRQ$ORQVRHWDO
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ZKHUHOVLVWHUPHGDVWKHVORSHRIYLUJLQFRPSUHVVLRQOLQHDWVXFWLRQV
 6LPLODUO\ WKHYLUJLQ FRPSUHVVLRQ OLQH IRU FKDQJHV LQ VXFWLRQ LV IRUPXODWHG LQ WKH
IROORZLQJHTXDWLRQZLWKOVSUHSUHVHQWLQJWKHVWLIIQHVVSDUDPHWHUIRUFKDQJHVLQVXFWLRQ
IRUYLUJLQVWDWHVRIWKHVRLO$ORQVRHWDOZKLFKLVDOVRWKRXJKWWREHDIXQFWLRQRI
QHWPHDQVVWUHVVS
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
 8QGHUDPRQRWRQLFORDGLQJDQH[SDQVLYHVRLOUHDFKHVLWVSUHFRQVROLGDWLRQSUHVVXUH
ZKLFK PDUNV LWV \LHOG VWUHVV IRU D SDUWLFXODU YRLG UDWLR $ \LHOG FXUYH FDQ EH GUDZQ
WKURXJKDQXPEHURISUHFRQVROLGDWLRQSUHVVXUHVRU\LHOGVWUHVVHVWKDWDUHREWDLQHGIURP
FRPSUHVVLRQ WHVWV RQ VHYHUDO µLGHQWLFDO¶ VSHFLPHQV XQGHU GLIIHUHQW VXFWLRQV 7KH \LHOG

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV

FXUYHREWDLQHGLVFDOOHGWKHORDGLQJFROODSVH/&\LHOGFXUYH*HQHUDOO\WKH\LHOGVWUHVV
LQFUHDVHV ZLWK LQFUHDVLQJ VXFWLRQ 7KH YDULDWLRQ RI \LHOG VWUHVV SR ZLWK VXFWLRQ IRU
LVRWURSLF ORDGLQJ DV IRUPXODWHG LQ $ORQVR HW DO  LV H[SUHVVHG LQ WKH IROORZLQJ
HTXDWLRQ
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ZKHUHSRLVWKHVDWXUDWHG\LHOGVWUHVVSFLVDUHIHUHQFHQHWPHDQVWUHVVDQGORLVVORSH
RIWKHVDWXUDWHGYLUJLQFRPSUHVVLRQOLQH
 (TXDWLRQ KDVEHHQGHULYHGZLWK DVVXPSWLRQV WKDWRQO\O YDULHVZLWK VXFWLRQ
ZKHUHDVN LV FRQVWDQW 7KH YDULDWLRQ RIOZLWK VXFWLRQ IROORZV DQ DV\PSWRWLF HTXDWLRQ
ZKLFKLVIRUPXODWHGDV$ORQVRHWDO
       VV R U U H EO O ª º  ¬ ¼  
ZKHUHUDQGEDUHWKHILWWLQJSDUDPHWHUV
 7KH PDFURVWUXFWXUDO SODVWLF GHIRUPDWLRQ RFFXUV ZKHQ WKH /& \LHOG FXUYH LV
DFWLYDWHG+RZHYHUZHWWLQJDQGGU\LQJFDQDOVRLQGXFHSODVWLFGHIRUPDWLRQ7KLVOHDGVWR
DUHTXLUHPHQWRIWZRDGGLWLRQDO\LHOGFXUYHVQDPHO\6,DQG6'\LHOGFXUYHVZKLFKDUH
DVVRFLDWHGZLWKVXFWLRQLQFUHDVHDQGVXFWLRQGHFUHDVHUHVSHFWLYHO\)LJXUH$ORQVR
HWDO%\DVVXPLQJWKDWWKH6,DQG6'\LHOGFXUYHVFRLQFLGH$ORQVRHWDO
WKHIROORZLQJHTXDWLRQLVXVHGWRIRUPXODWHWKHERWK\LHOGFXUYHV
 Ö LS V   
 &RXSOLQJEHWZHHQ0LFURDQG0DFUR6WUXFWXUDO/HYHOVRI'HIRUPDWLRQ
 'XULQJ GU\LQJRUZHWWLQJ WKHUH LV DQ LQWHUDFWLRQEHWZHHQPLFURSRUHV DQGPDFUR
SRUHVRIDQH[SDQVLYHVRLO7KHUHODWLRQVKLSEHWZHHQWKHPLFURVWUXFWXUDODQGWKHPDFUR
VWUXFWXUDOGHIRUPDWLRQLVDVVXPHGWRGHSHQGRQO\RQWKHYDOXHRISSR7KHLQWHUDFWLRQLV
UHSUHVHQWHGE\WKHPLFURPDFURVWUXFWXUDOLQWHUDFWLRQIXQFWLRQV$SRVVLEOHUHSUHVHQWDWLRQ
RIWKHLQWHUDFWLRQIXQFWLRQVLVVKRZQLQ)LJXUH$ORQVRHWDO7KHLQIOXHQFHRI
PLFURVWUXFWXUDO VZHOOLQJ LV OHVV SURQRXQFHG LQ D GHQVH VSHFLPHQ 7KHUHIRUH WKH
LQWHUDFWLRQIXQFWLRQIRUVXFWLRQGHFUHDVHI'LVWDNHQDVGHFUHDVLQJZLWKLQFUHDVLQJSSR
0RUHVKULQNDJHRIDVRLOVSHFLPHQRQGU\LQJRFFXUVZKHQWKHVWUHVVOHYHO LVKLJKHUDQG
FRQVHTXHQWO\WKHLQWHUDFWLRQIXQFWLRQIRUVXFWLRQLQFUHDVHI,LVWDNHQDVLQFUHDVLQJZLWK
LQFUHDVLQJ SSR $W D YDOXH RI SSR HTXDO WR XQLW\ DQ H[SDQVLYH VRLO H[KLELWV DQ RSHQ
VWUXFWXUHDQGLVDWDSRVVLEOHVWDWHWRFROODSVH$WWKLVVWDWHWKHGHY0GHYPLVDVVXPHGWREH
]HUR

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV


)LJXUH*UDSKLFDOUHSUHVHQWDWLRQRIWKH%DUFHORQD([SDQVLYH0RGHO%([0
 'XULQJDF\FOLFGU\LQJZHWWLQJWHVW6,DQG6'DUHDOWHUQDWHO\DFWLYDWHG7KHJHQHUDO
IDFWLVWKDWWKHDPRXQWRILUUHYHUVLEOHGHIRUPDWLRQUHGXFHVZLWKDQLQFUHDVLQJQXPEHURI
F\FOH :KHQ VXFWLRQ F\FOHV DUH SHUIRUPHG RQ DQ H[SDQVLYH VRLO VSHFLPHQ XQGHU ORZ
SUHVVXUHWKHSODVWLFVWUDLQGXULQJZHWWLQJSUHGRPLQDWHV7KLVOHDGVWRDQH[SDQVLRQRIWKH
VSHFLPHQ2Q WKH RWKHU KDQG WKH RSSRVLWH RFFXUV DW KLJK SUHVVXUH 7KH VXFWLRQ F\FOHV
LH DW WKH ORZ DQG KLJK SUHVVXUHV ZLOO ILQDOO\ HQG DW DQ HTXLOLEULXP VWDWH ZKLFK LV
PDUNHGDVDODUJHGRWLQ)LJXUH
 7KH IROORZLQJ HTXDWLRQV H[SUHVV WKH SODVWLF YROXPHWULF VWUDLQ LQGXFHG E\ WKH
DFWLYDWLRQVRI6,DQG6'GXULQJF\FOLFGU\LQJZHWWLQJWHVWV
 SY0 , YPG I G
HH H  
 SY0 ' YPG I G
HH H  
(TXDWLRQ  DQG (TXDWLRQ  LQIHU WKDW WKH PDFURVWUXFWXUDO SODVWLF
GHIRUPDWLRQ LV FDXVHG E\ WKH HODVWLF PLFURVWUXFWXUDO GHIRUPDWLRQ 7KH IROORZLQJ
HTXDWLRQVKDYHEHHQVXJJHVWHGIRUI,DQGI'$ORQVR
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6'
0LFURVWUXFWXUDO
VKULQNDJH
0LFURVWUXFWXUDO
VZHOOLQJ
0DFURVWUXFWXUDO
SODVWLFYRLGUDWLR
LQFUHDVH
0DFURVWUXFWXUH
0LFURVWUXFWXUH
,QLWLDOVWDWH
1/
(ODVWLFGRPDLQPHFKDQLFDO
(ODVWLFGRPDLQ
K\GUDXOLF

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV

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ZKHUHI'RI'Q'I,RI,DQGQ,DUHPDWHULDOSDUDPHWHUV
$FFXPXODWLRQRI
H[SDQVLRQIROORZLQJ
GU\LQJZHWWLQJF\FOHV
GHY0GHYP
6XFWLRQLQFUHDVH
I'
(TXLOLEULXP
FRQGLWLRQVDIWHU
GU\LQJZHWWLQJF\FOHV
 SSRI,
6XFWLRQGHFUHDVH
'HYHORSPHQWRI
PDFURSRUHVXSRQ
GU\LQJ
$FFXPXODWLRQRI
FRPSUHVVLRQIROORZLQJ
GU\LQJZHWWLQJF\FOHV

)LJXUH3RVVLEOHLQWHUDFWLRQIXQFWLRQV 
 +DUGHQLQJ/DZV
 ,WLVDVVXPHGWKDWKDUGHQLQJIRUWKH/&\LHOGFXUYHLVFDXVHGE\WKHDFWLYDWLRQVRI
6,6'DQG/&\LHOGFXUYHVZKHUHDVWKH6,DQG6'KDUGHQLQJVDUHRQO\JRYHUQHGE\WKH
DFWLYDWLRQVRI6,DQG6'\LHOGFXUYHV(TXDWLRQVDQGGHILQH WKHKDUGHQLQJ
ODZVIRU6,DQG6'\LHOGFXUYHVDQG/&\LHOGFXUYHUHVSHFWLYHO\$ORQVRHWDODQG
$ORQVRHWDO,Q(TXDWLRQDQG(TXDWLRQWKHIXQFWLRQIUHIHUVWRHLWKHU
6,LHI,RU6'LHI'
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
&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV

 &RQVWLWXWLYH0RGHO,,$9ROXPH&KDQJH0RGHO%DVHG2QWKH6RLO3KDVH
&RQWLQXLW\5HTXLUHPHQWV
 )UHGOXQG DQG 5DKDUGMR  SURSRVHG D IRUPXODWLRQ RI YROXPH FKDQJH RI
XQVDWXUDWHG VRLOV XQGHUJRLQJ PRQRWRQLF ORDGLQJV E\ DVVXPLQJ WKH XQVDWXUDWHG VRLO
HOHPHQWDVDFRQWLQXRXVV\VWHPRIVROLGZDWHUDQGDLUSKDVHVDQGFRQWUDFWLOHVNLQ7KH
SURSRVHGYROXPHFKDQJHWKHRU\KDVEHHQXVHGE\6KXDLDQG)UHGOXQGDQG9XDQG
)UHGOXQG  IRU VLPXODWLQJ VZHOOLQJSUHVVXUHPHDVXUHPHQWV RQ H[SDQVLYH VRLOV%\
QHJOHFWLQJWKHYROXPHFKDQJHRIWKHFRQWUDFWLOHVNLQDQGDVVXPLQJLWWREHLQWHUQDOWRWKH
XQVDWXUDWHGVRLOHOHPHQWWKHIROORZLQJFRQWLQXLW\UHTXLUHPHQWLVREWDLQHG
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ZKHUH9Y9ZDQG9DLVWKHYROXPHRIYRLGZDWHUSKDVHDQGDLUSKDVHUHVSHFWLYHO\DQG
9RLVWKHLQLWLDOWRWDOYROXPHRIWKHVRLOHOHPHQW
 $QLQFUHPHQWDOSURFHGXUHXVLQJVPDOOLQFUHPHQWVRIVWUHVVDQGVWUDLQFDQEHXVHGWR
DQDO\VH WKH YROXPH FKDQJH RI DQ XQVDWXUDWHG VRLO VXEMHFWHG WR PRQRWRQLF ORDGLQJV
)UHGOXQG DQG 5DKDUGMR  7KH SURFHGXUH FDQ EH DGRSWHG WR XVH OLQHDU HODVWLF
IRUPXODWLRQV WR VROYH D QRQOLQHDU VWUHVVVWUDLQ SUREOHP %DVHG RQ WKH FRQWLQXLW\
UHTXLUHPHQWVWKHWRWDOYROXPHFKDQJHRIDQXQVDWXUDWHGVRLOHOHPHQWLVHTXDOWRWKHVXP
RI YROXPH FKDQJHV DVVRFLDWHGZLWK HDFK SKDVH LH VROLG ZDWHU DQG DLU SKDVHV 7KH
YROXPHFKDQJHVDVVRFLDWHGZLWKDQ\WZRRIWKHWKUHHSKDVHVPXVWEHPHDVXUHGZKHUHDV
WKH WKLUGYROXPHFKDQJHFDQEHFRPSXWHG1RUPDOO\ WKH WRWDOYROXPHFKDQJH LH WKH
YROXPHFKDQJHRIWKHVRLOVWUXFWXUHRU'9YDQGWKHYROXPHFKDQJHZLWKUHVSHFWWRZDWHU
SKDVH '9Z DUH PHDVXUHG VXFK WKDW WKH YROXPH FKDQJH DVVRFLDWHG ZLWK WKH DLU SKDVH
'9DFDQEHFRPSXWHG
 6RLO6WUXFWXUH9ROXPH&KDQJH
 7KHFRQVWLWXWLYHUHODWLRQVIRUXQVDWXUDWHGVRLOVDUHIRUPXODWHGXVLQJDQH[WHQVLRQRI
+RRNH¶VODZIRUVDWXUDWHGVRLOV,QWKHIRUPXODWLRQWKHDSSURSULDWHVWUHVVVWDWHYDULDEOHV
IRUXQVDWXUDWHG VRLOV LH QHW VWUHVV DQG VXFWLRQ )UHGOXQGDQG0RUJHQVWHUQ DUH
XVHG)RU WKHJHQHUDO WKUHHGLPHQVLRQDOFDVH WKHFKDQJH LQYROXPHWULF VWUDLQ GHY DV D
UHVSRQVHWRFKDQJHV LQQHWPHDQVWUHVVSDQGVXFWLRQV LVH[SUHVVHGLQ WKHIROORZLQJ
HTXDWLRQ)UHGOXQGDQG5DKDUGMR
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ZKHUHPVDQGPVUHIHUVWRFRHIILFLHQWRIYROXPHFKDQJHDVVRFLDWHGZLWKWKHVRLOVWUXFWXUH
ZLWK UHVSHFW WR D FKDQJH LQ QHW PHDQ VWUHVV DQG VXFWLRQ UHVSHFWLYHO\ 7KH YDOXHV DUH

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV

UHODWHG WR WKH VRLO HODVWLF SDUDPHWHUV DQG DUH IRUPXODWHG DV IROORZV )UHGOXQG DQG
5DKDUGMR
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
ZLWK(DQG+ UHSUHVHQWV WKHPRGXOXVRIHODVWLFLW\RI WKHVRLOVWUXFWXUHZLWKUHVSHFW WRD
FKDQJHLQQHWPHDQVWUHVVDQGVXFWLRQUHVSHFWLYHO\DQGȣLVWKH3RLVVRQ¶VUDWLRRIWKHVRLO
 )RU WKHRHGRPHWULFFRQGLWLRQVLH.RFRQGLWLRQV WKHIROORZLQJIRUPLVREWDLQHG
)UHGOXQGDQG5DKDUGMR
  VY YHUWLFDO RHG Y D RHGG G P G X P GH H V    V V  
ZKHUH PVRHG DQG PVRHG FDQ EH UHODWHG WR WKH HODVWLFLW\ SDUDPHWHUV RI VRLO XVLQJ WKH
IROORZLQJHTXDWLRQV)UHGOXQGDQG5DKDUGMR
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 :DWHU3KDVH9ROXPH&KDQJH
 ,QWKHIRUPXODWLRQRIYROXPHFKDQJHZDWHUSKDVHLVDVVXPHGWREHLQFRPSUHVVLEOH
DQGWKHUHIRUHWKHYROXPHFKDQJHRIZDWHUSKDVHUHSUHVHQWVWKHQHWZDWHULQIORZLQWRDQG
RXWIORZ IURP WKH VRLO HOHPHQW (TXDWLRQV IRU WKH ZDWHU SKDVH YROXPH FKDQJH WDNH D
VLPLODU IRUP WR WKRVH XVHG WR GHVFULEH WKH YROXPH FKDQJH RI WKH VRLO VWUXFWXUH 7KH
IROORZLQJHTXDWLRQVDUHXVHG WRGHVFULEH WKHYROXPHFKDQJHRIZDWHUSKDVH IRUJHQHUDO
WKUHHGLPHQVLRQDOFDVH)UHGOXQGDQG5DKDUGMR
   
Z ZZ
R
G9 P GS P GV
9
 
ZKHUH9ZLVWKHYROXPHRIZDWHUDQG9RLVWKHLQLWLDOWRWDOYROXPHRIWKHVRLOHOHPHQW7KH
SDUDPHWHUVPZ DQGPZ LV WKH FRHIILFLHQW RI ZDWHU YROXPH FKDQJH IRU FKDQJHV LQ QHW
PHDQ VWUHVV DQG VXFWLRQ UHVSHFWLYHO\ DQG WKH YDOXHV DUH UHODWHG WR WKH HODVWLFLW\
SDUDPHWHUVRIVRLOXVLQJWKHIROORZLQJHTXDWLRQV)UHGOXQGDQG5DKDUGMR
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
&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV
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
ZKHUH(ZDQG+ZLVWKHZDWHUYROXPHWULFFKDQJHPRGXOXVDVVRFLDWHGZLWKDFKDQJHLQQHW
PHDQVWUHVVDQGVXFWLRQUHVSHFWLYHO\
 )RUWKH.RFRQGLWLRQWKHIROORZLQJHTXDWLRQVDUHREWDLQHG)UHGOXQGDQG5DKDUGMR

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
ZKHUHPVRHGDQGPVRHGFDQEHUHODWHGWRWKHVRLOHODVWLFLW\SDUDPHWHUVXVLQJWKHIROORZLQJ
HTXDWLRQV)UHGOXQGDQG5DKDUGMR
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 &RQVWLWXWLYH6XUIDFHVIRU6RLO6WUXFWXUHDQG:DWHU3KDVH
 7KH FRQVWLWXWLYH UHODWLRQV IRU ERWK WKH VRLO VWUXFWXUH DQG ZDWHU SKDVH FDQ EH
YLVXDOLVHGDVWKUHHGLPHQVLRQDOFRQVWLWXWLYHVXUIDFHV)LJXUH7KHXQLTXHQHVVRIWKH
FRQVWLWXWLYHVXUIDFHVIRUPRQRWRQLFORDGLQJKDVEHHQSURYHGE\0DW\DVDQG5DGKDNULVKQD
 %DUGHQ HW DO  DQG )UHGOXQG DQG 0RUJHQVWHUQ  +RZHYHU LW LV
SUDFWLFDOO\LPSRVVLEOHWRGHYHORSDFRPSOHWHXQLTXHFRQVWLWXWLYHVXUIDFHIRUORDGLQJDQG
XQORDGLQJFDVHV )UHGOXQGDQG5DKDUGMR7KHQRQXQLTXHQHVVRI WKHFRQVWLWXWLYH
VXUIDFH LV GXH WR K\VWHUHVLV 7KH K\VWHUHLV SKHQRPHQRQ OHDGV WR GLIIHUHQW FRQVWLWXWLYH
UHODWLRQVKLSVIRUORDGLQJDQGXQORDGLQJ7KHK\VWHUHVLVRIDVDWXUDWHGVRLOVWUXFWXUHGXULQJ
ORDGLQJDQGXQORDGLQJLVUHIOHFWHGLQWKHGLIIHUHQWFRPSUHVVLRQDQGUHERXQGFXUYHV7KH
SUHVHQFH RI K\VWHUHVLV RI WKH VRLO VWUXFWXUH DQG ZDWHU SKDVH LQ UHVSRQVH WR WKH K\GUR
PHFKDQLFDO ORDGLQJ DQG XQORDGLQJ UHVXOWV LQ WKH GLIIHUHQW YROXPHWULF GHIRUPDWLRQ
FRHIILFLHQWV IRU ERWK FDVHV +RZHYHU LW DSSHDUV WKDW WKH XQLTXHQHVV RI FRQVWLWXWLYH
VXUIDFHV IRU YROXPH GHFUHDVH LH ORDGLQJ FDQ DOVR EH SURYHG IRU WKH FDVH RI YROXPH
LQFUHDVHLHXQORDGLQJ

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV

'9Z9R'9Y9R
6XFWLRQV6XFWLRQV
1HWPHDQVWUHVVS1HWPHDQVWUHVVS
)LJXUH7KUHHGLPHQVLRQDOFRQVWLWXWLYHVXUIDFHVIRUDVRLOVWUXFWXUHDQGEZDWHU
SKDVH
 &RQVWLWXWLYH0RGHO,,,$1RQ/LQHDU(ODVWLF0RGHOIRU+HDYLO\&RPSDFWHG
&OD\V
 7KH QRQOLQHDU HODVWLF PRGHO IRU KHDYLO\ FRPSDFWHG FOD\V GHVFULEHG KHUHLQ LV D
PRGHOZKLFKZDV SURSRVHG E\&XL HW DO E 7KHPRGHOZDV GHYHORSHG EDVHG RQ
H[SHULPHQWDOHYLGHQFHIURPWHVWVRQDKHDYLO\FRPSDFWHGEHQWRQLWH,WZDVREVHUYHGWKDW
WKH KHDYLO\ FRPSDFWHG EHQWRQLWH VSHFLPHQV GLG QRW H[KLELW VLJQLILFDQW K\VWHUHVLV RQ
ZHWWLQJGU\LQJDQGORDGLQJXQORDGLQJWHVWV7KHREVHUYHGSKHQRPHQDZHUHWKRXJKWWREH
DVVRFLDWHGZLWKWKHGRPLQDQWSK\VLFRFKHPLFDOHIIHFWVRIFOD\SDUWLFOHV
 &RQFHSWRI&ULWLFDO6ZHOOLQJ&XUYH&6&
 7KH FULWLFDO VZHOOLQJ FXUYH &6& LV VLPSO\ GHILQHG DV D FXUYH RI ]HUR VZHOOLQJ
)LJXUH  $W D FHUWDLQ FRPELQDWLRQ RI VXFWLRQ DQG PHDQ VWUHVV RQ WKH &6& D VRLO
VSHFLPHQ H[KLELWV D ]HUR VZHOOLQJ XSRQ K\GUDWLRQ ZLWK SXUH ZDWHU $FFRUGLQJ WR WKH
PRGHO WKHUH LV D WKUHVKROG VXFWLRQ EHORZ ZKLFK QR YROXPH FKDQJH RI WKH VSHFLPHQ
RFFXUVXSRQZHWWLQJXQGHUDFRQVWDQWQHWPHDQVWUHVV7KHUHIRUHZHWWLQJSHUIRUPHGRQD
VSHFLPHQZKLFKLVORFDWHGDERYHWKH&6&UHVXOWVLQVZHOOLQJ:KHQWKHDSSOLHGVWUHVVLV
KLJKHQRXJKVXFWLRQUHGXFWLRQUHVXOWVLQFROODSVH
 9ROXPH&KDQJH)RUPXODWLRQVIRU0HFKDQLFDO/RDGLQJDQG8QORDGLQJ
 (ODVWLF YROXPH FKDQJH RI DQ XQVDWXUDWHG H[SDQVLYH VRLO VSHFLPHQ GXULQJ ORDGLQJ
DQGXQORDGLQJXQGHUFRQVWDQWVXFWLRQLVH[SUHVVHGDVDQHODVWLFFKDQJHRIYRLGUDWLRZLWK
VWUHVVDVGHILQHGLQWKHIROORZLQJSRZHUODZ&XLHWDOE
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
&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV

ZKHUH$SLVWKHYRLGUDWLRDWWKHUHIHUHQFHQHWPHDQVWUHVVSFRIXQLW\DQG1SLVWKHVORSH
RIWKHYRLGUDWLRYHUVXVQHWPHDQVWUHVVFXUYHRQDORJDULWKPLFSORW
6XFWLRQV

)LJXUH&RQFHSWRI&ULWLFDO6ZHOOLQJ&XUYH&6&
 %DVHG RQ WKH H[SHULPHQWDO GDWD &XL HW DO E VXJJHVWHG WKH IROORZLQJ
HPSLULFDOIRUPXODWRUHODWH$SDQG1SZLWKVXFWLRQ
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ZKHUH ILWWLQJSDUDPHWHUV&&& DQG& KDYH WR EHREWDLQHG IURP WKH H[SHULPHQWDO
GDWD
 7KH FKDQJH LQ YROXPHWULF VWUDLQ LQGXFHG E\ D FKDQJH LQ QHW PHDQ VWUHVV LH
PHFKDQLFDO ORDGLQJ XQGHU FRQVWDQW VXFWLRQ FDQ EH IRUPXODWHG XVLQJ WKH IROORZLQJ
HTXDWLRQ&XLHWDOE
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1HWPHDQVWUHVVS
VZHOOLQJ
&6&
QRVZHOOLQJ
FROODSVH
H
H
9RLGUDWLR
H H
H HH
H
H!H

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV

 9ROXPH&KDQJH)RUPXODWLRQVIRU:HWWLQJDQG'U\LQJ+\GUDXOLF/RDGLQJ
DQG8QORDGLQJ
 ,WZDVDVVXPHGWKDWWKHYROXPHFKDQJHRIDQH[SDQVLYHVRLOVSHFLPHQIRUFKDQJHV
LQ VXFWLRQ WDNHV D VLPLODU IRUP WR WKDW IRU FKDQJHV LQ QHW PHDQ VWUHVV 7KH IROORZLQJ
HTXDWLRQ LVREWDLQHGIRU WKHUHODWLRQVKLSEHWZHHQYRLGUDWLRDQGVXFWLRQIRUZHWWLQJDQG
GU\LQJZLWKVFUHSUHVHQWVWKHUHIHUHQFHVXFWLRQ&XLHWDOE
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7KH $V DQG 1V YDOXHV FDQ EH REWDLQHG XVLQJ (TXDWLRQV  DQG 
UHVSHFWLYHO\&XLHWDOE
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 &6&)RUPXODWLRQ
 ,QWKHIRUPXODWLRQRIWKH&6&LWLVDVVXPHGWKDW(TXDWLRQVWRDUHYDOLG
IRUWKHZKROHUDQJHRIVXFWLRQ$QRWKHUDVVXPSWLRQLVWKDWWKHVWUHVVXQGHUZKLFKDVRLO
VSHFLPHQZLWKDQLQLWLDOYRLGUDWLRRIHDQGDQLQLWLDOVXFWLRQRIV LVK\GUDWHGZLWKSXUH
ZDWHULHVZHOOXQGHUORDGWHVWFRUUHVSRQGVWRWKHVZHOOLQJSUHVVXUHDWWKHHTXLOLEULXP
YRLGUDWLR7KHIROORZLQJHTXDWLRQLVREWDLQHGDQGLWUHSUHVHQWVWKH&6&RIWKHVSHFLPHQ
&XLHWDOE
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ZKHUH$SRDQG1SRLVWKHYRLGUDWLRDWD]HURVXFWLRQDQGDWDSSFHTXDOWRXQLW\DQG
WKHVORSHRIYLUJLQFRPSUHVVLRQFXUYHZKHQSORWWHGLQDORJDULWKPLFVFDOHUHVSHFWLYHO\
 $VVHVVPHQWRI(TXDWLRQVKRZVWKDWWKHPRGHOJLYHVDQXQUHDOLVWLFHVWLPDWHRI
VZHOOLQJDWDYHU\ORZSUHVVXUHVLQFHWKH&6&GRHVQRWSDVVWKHRULJLQ&XLHWDOE

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV

 6RLO:DWHU&KDUDFWHULVWLF&XUYH6:&&
 7KHVRLOZDWHUFKDUDFWHULVWLFFXUYH6:&&UHSUHVHQWVWKHDELOLW\RIDVRLOWRUHWDLQ
ZDWHUDWYDULRXVVXFWLRQYDOXHV7KH6:&&LVUHSUHVHQWHGDVDUHODWLRQVKLSEHWZHHQZDWHU
FRQWHQW RU YROXPHWULFZDWHU FRQWHQW RU GHJUHHRI VDWXUDWLRQYHUVXV VXFWLRQ7KH6:&&
KDV EHHQ UHODWHG WR PDQ\ JHRWHFKQLFDO SURSHUWLHV RI VRLOV VXFK DV VKHDU VWUHQJWK
SHUPHDELOLW\ DQG FRPSUHVVLELOLW\ )UHGOXQG DQG 5DKDUGMR  7KH 6:&& LV DOVR
UHTXLUHGZKHQVROYLQJWUDQVLHQWZDWHUDQGVROXWHWUDQVSRUWSUREOHPV
 7\SLFDO6RLO:DWHU&KDUDFWHULVWLF&XUYH6:&&RI1RQ([SDQVLYH6RLOV
 )LJXUHUHSUHVHQWVD W\SLFDO6:&&RIQRQH[SDQVLYHVRLOVZKLFKLVGUDZQDVD
UHODWLRQVKLSEHWZHHQGHJUHHRIVDWXUDWLRQDQGVXFWLRQ/HRQJDQG5DKDUGMRD7KH
6:&& QRUPDOO\ H[KLELWV D VLJPRLGDO IXQFWLRQ 7KH FXUYHV RI ZDWHU FRQWHQW DQG
YROXPHWULF ZDWHU FRQWHQW YHUVXV VXFWLRQ IRU QRQH[SDQVLYH VRLOV HVVHQWLDOO\ IROORZ D
VLPLODU VKDSH VLQFH VXFWLRQ GHFUHDVH RU LQFUHDVH LQGXFHV LQVLJQLILFDQW FKDQJHV LQ YRLG
UDWLRRIWKHVRLOV6HYHUDOSDUDPHWHUVWKDWFDQEHGHILQHGIURPWKH6:&&DUHDOVRJLYHQLQ
WKH ILJXUH 7KH VXFWLRQ FRUUHVSRQGLQJ WR WKH RYHQGULHG FRQGLWLRQV LH ]HUR ZDWHU
FRQWHQW RU ]HUR GHJUHH RI VDWXUDWLRQ LV    N3D 7KLV YDOXH LV VXSSRUWHG E\
H[SHULPHQWDO HYLGHQFH DQG WKHRUHWLFDO WKHUPRG\QDPLFV FRQVLGHUDWLRQV &URQH\ DQG
&ROHPDQ
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6XFWLRQVN3D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6DWXUDWLRQUDQJH
'HVDWXUDWLRQ
UDQJH
5HVLGXDO
UDQJH
$LUHQWU\YDOXH
5HVLGXDOGHJUHHRI
VDWXUDWLRQ
6RUSWLRQFXUYH 'HVRUSWLRQFXUYH

)LJXUH7\SLFDOVRLOZDWHUFKDUDFWHULVWLFFXUYHVRIQRQH[SDQVLYHVRLOV

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV

 6RLO:DWHU&KDUDFWHULVWLF&XUYH6:&&RI([SDQVLYH6RLOV
 'XULQJGU\LQJDQGZHWWLQJWKHYRLGUDWLRRIH[SDQVLYHVRLOVFKDQJHV7KHDPRXQWRI
ZDWHU GUDLQHG RXW RI WKH VSHFLPHQ GXULQJ GU\LQJ IURP VDWXUDWHG FRQGLWLRQV LV
DFFRPSDQLHGE\DUHGXFWLRQLQWKHYRLGUDWLRRIWKHVRLO7KHUHIRUHDOWKRXJKDVLJQLILFDQW
UHGXFWLRQLQWKHDPRXQWRIZDWHULQWKHVSHFLPHQWDNHVSODFHWKHVRLOUHPDLQVVDWXUDWHG
XSWRDODUJHYDOXHRIVXFWLRQ7KLVLVGXHWRGRPLQDQWS\VLFRFKHPLFDOHIIHFWVRIWKHFOD\
ZDWHUV\VWHPDWWKHPLFURVFRSLFOHYHO)LJXUHVKRZVDW\SLFDOVRLOZDWHUFKDUDFWHULVWLF
FXUYH RI H[SDQVLYH VRLOV GUDZQ SDUWO\ EDVHG RQ WKH H[SHULPHQWDO GDWD REWDLQHG E\
)OHXUHDXHWDO

)LJXUH7\SLFDOVRLOZDWHUFKDUDFWHULVWLFFXUYHVRIH[SDQVLYHVRLOV
:DWHU
FRQWHQWZ
'HJUHHRI
VDWXUDWLRQ
6U
6XFWLRQV
6XFWLRQV
$LUHQWU\
YDOXH
6KULQNDJH
OLPLW
6U
/LPLWLQJ6U
'HVDWXUDWLRQ
UDQJH
6DWXUDWLRQ
UDQJH
5HVLGXDO
UDQJH
&UDFNVILVVXUHVDQG
HQWUDSSHGDLUEXEEOHV

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV

 %DVHGRQVHYHUDOGU\LQJDQGZHWWLQJFXUYHVREWDLQHGRQDQXPEHURIVOXUULHGDQG
FRPSDFWHG FOD\ VSHFLPHQV )OHXUHDX HW DO  IRXQG WKDW WKH DLUHQWU\ YDOXH RI
H[SDQVLYHVRLOV LV ORFDWHGFORVH WRD VXFWLRQFRUUHVSRQGLQJ WR WKH VKULQNDJH OLPLWRI WKH
VRLOV )XUWKHU DQDO\VLV RI WKH GDWD LQGLFDWHV WKDW WKHUH VKRXOG EH D OLPLWLQJ GHJUHH RI
VDWXUDWLRQGXULQJZHWWLQJRQDQH[SDQVLYHVRLOVSHFLPHQZKHQQR ORDG LVDSSOLHG WR WKH
VSHFLPHQGXHWRFUDFNVILVVXUHVDQGHQWUDSSHGDLUEXEEOHVLQWKHVSHFLPHQ2UHOVHWKH
VDWXUDWLRQFRQGLWLRQVRIWKHVSHFLPHQPLJKWEHUHDFKHGDWDYHU\ORZYDOXHRIVXFWLRQDW
ZKLFKVXFWLRQLVEDODQFHGE\WKHVHOIZHLJKWRIWKHVSHFLPHQ
 6RLO:DWHU&KDUDFWHULVWLF&XUYH6:&&0RGHOV
 1XPHURXVSDUDPHWULFPRGHOVRUHTXDWLRQVKDYHEHHQGHYHORSHGIRUUHSUHVHQWLQJWKH
6:&&7KHPRVWIDPRXVDQGPRVWIUHTXHQWO\XVHGHTXDWLRQVIRUUHSUHVHQWLQJWKH6:&&
DUHWKHYDQ*HQXFKWHQDQG)UHGOXQGDQG;LQJ6:&&HTXDWLRQV7KHYDQ
*HQXFKWHQ  6:&& HTXDWLRQ LV H[SUHVVHG LQ (TXDWLRQ ZKLOH WKH )UHGOXQG
DQG;LQJ6:&&HTXDWLRQLVJLYHQLQ(TXDWLRQ
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ZKHUH4LVWKHQRUPDOLVHGYROXPHWULFZDWHUFRQWHQWRUWKHHIIHFWLYHGHJUHHRIVDWXUDWLRQ
6HTZLVWKHYROXPHWULFZDWHUFRQWHQWTUHVLVWKHUHVLGXDOYROXPHWULFZDWHUFRQWHQWVLV
WKH VRLO VXFWLRQ D N3D Q DQG P DUH ILWWLQJ SDUDPHWHUV 3DUDPHWHU D LQ WKH DERYH
HTXDWLRQLVDOVRFDOOHGWKHUHIHUHQFHVXFWLRQ
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ZKHUHVUUHSUHVHQWVWKHVXFWLRQFRUUHVSRQGLQJWRWKHUHVLGXDOYROXPHWULFZDWHUFRQWHQWRU
UHVLGXDOGHJUHHRIVDWXUDWLRQ
 7KH)UHGOXQGDQG;LQJ6:&&HTXDWLRQKDVDEHWWHUWKHRUHWLFDOEDVLVVLQFHLW
ZDVGHYHORSHGE\ WDNLQJ LQWRFRQVLGHUDWLRQ WKHSRUHVL]HGLVWULEXWLRQRI WKHVRLO7KH&
FRHIILFLHQWLVXVHGLQWKHHTXDWLRQWRJLYHD]HURYROXPHWULFZDWHUFRQWHQWDWDVXFWLRQRI
   N3D ZKLFK DSSUR[LPDWHO\ FRUUHVSRQGV WR RYHQGULHG FRQGLWLRQV RI WKH VRLO

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV

&URQH\DQG&ROHPDQ/HRQJDQG5DKDUGMRDDVVHVVHGWKHYDQ*HQXFKWHQ
DQG)UHGOXQGDQG;LQJ6:&&HTXDWLRQVWRJHWKHUZLWKVRPHRWKHU6:&&
HTXDWLRQVDQGIRXQGWKDWWKH)UHGOXQGDQG;LQJ6:&&HTXDWLRQJDYHWKHEHVWILW
WRWKHH[SHULPHQWDOGDWD/HRQJDQG5DKDUGMRDDOVRIRXQGWKDWWKHHTXDWLRQJDYH
H[FHOOHQWILWLIWKHFRUUHFWLRQIDFWRU&VZDVWDNHQDVXQLW\
 6FKLFN  LQWURGXFHG D WZRFRPSRQHQWPRGHO RI 6:&& IRU H[SDQVLYH VRLOV
$FFRUGLQJ WR WKHPRGHO WKH GHFUHDVH LQ ZDWHU FRQWHQW RU GHJUHH RI VDWXUDWLRQ RI DQ
H[SDQVLYHVRLOGXULQJGU\LQJSURFHVVFRQVLVWHGRIWKHGHFUHDVHLQZDWHUFRQWHQWRUGHJUHH
RI VDWXUDWLRQ LQGXFHG E\ WKH UHGXFWLRQ LQ DGVRUSWLYH FRPSRQHQW RI VXFWLRQ DQG WKDW
FDXVHGE\WKHUHGXFWLRQLQFDSLOODU\FRPSRQHQWRIVXFWLRQ
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ZKHUH6UDDQG6UFLVWKHSRUWLRQRIGHJUHHRIVDWXUDWLRQDVVRFLDWHGZLWKWKHDGVRUSWLYHDQG
FDSLOODU\FRPSRQHQWVRIVXFWLRQUHVSHFWLYHO\QZDLVWKHDGVRUSWLYHZDWHUILOOHGSRURVLW\
Q7 LV WKH VRLO WRWDO SRURVLW\ DQG&SD DQG&SF LV WKH DGVRUSWLYH DQGFDSLOODU\ FRHIILFLHQW
UHVSHFWLYHO\IRUPXODWHGXVLQJWKHIROORZLQJHTXDWLRQV
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ZKHUHVFDSLVWKHFDSLOODU\FRPSRQHQWRIVXFWLRQ
 3HUPHDELOLW\0RGHOV
 7KHUHVSRQVHRIDQXQVDWXUDWHGH[SDQVLYHVRLOWRK\GURPHFKDQLFDOSURFHVVHVVXFK
DV YROXPH FKDQJH RU VZHOOLQJ SUHVVXUH GHYHORSPHQW FDQ EH SUHGLFWHG XVLQJ WKH
FRQVWLWXWLYH PRGHOV SUHVHQWHG LQ WKH HDUOLHU VXEFKDSWHUV +RZHYHU WKH YROXPH FKDQJH
LH VZHOOLQJ DQG VKULQNLQJ DQG WKH GHYHORSPHQW RI VZHOOLQJ SUHVVXUH DUH WLPH
GHSHQGHQWSURFHVVHV7RSUHGLFWVDWLVIDFWRULO\WKHWUDQVLHQWVWDJHRIWKHUHVSRQVHRIDVRLO

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV

WR WKHK\GURPHFKDQLFDOSURFHVVHV LQIRUPDWLRQSHUWDLQLQJ WR WKH WUDQVSRUWSURSHUWLHVRI
WKHVRLODUHUHTXLUHG
 7KHWUDQVSRUWRIZDWHULQH[SDQVLYHVRLOVPD\RFFXULQWZRSKDVHVQDPHO\LQOLTXLG
SKDVHLHDGYHFWLRQSURFHVVDQGLQYDSRXUSKDVHLHGLIIXVLRQSURFHVV7KHWUDQVSRUW
SURSHUW\ UHODWHG WR WKH OLTXLG SKDVH ZDWHU WUDQVSRUW LV WKH FRHIILFLHQW RI SHUPHDELOLW\
ZKHUHDVWKHFRHIILFLHQWRIGLIIXVLYLW\FDQEHXVHGWRGHVFULEHWKHWUDQVSRUWRIZDWHULQWKH
YDSRXU SKDVH +RZHYHU ERWK WKH FRHIILFLHQW RI SHUPHDELOLW\ DQG WKH FRHIILFLHQW RI
GLIIXVLYLW\GHSHQGRQWKHYRLGUDWLRRIWKHVRLO
 9XDQG)UHGOXQGSURSRVHGDFRXSOHGHTXDWLRQIRUZDWHUIORZLHLQOLTXLG
SKDVHLQH[SDQVLYHVRLOV
   
 

ª º§ ·§ ·w w      « ¨ ¸¨ ¸w w « »© ¹ © ¹¬ ¼
Z Z V
ZY
ZV V
Z
XP P P VP N
P W P W J
H
U »
Z K  
ZKHUHKLVWKHHOHYDWLRQ
 (TXDWLRQKDVEHHQXVHGWRPRGHORQHWZRDQGWKUHHGLPHQVLRQDOKHDYHLQ
H[SDQVLYH VRLOV 9X DQG)UHGOXQG 7KH HTXDWLRQ LV DSSOLFDEOH IRU ERWK VDWXUDWHG
DQGXQVDWXUDWHGVRLOVXQGHU WUDQVLHQWDQGVWHDG\VWDWH VHHSDJHFRQGLWLRQV ,Q WKHPRGHO
LQIRUPDWLRQSHUWDLQLQJWRWKHYROXPHFKDQJHRIERWKVRLOVWUXFWXUHDQGZDWHUSKDVHLH
PZ PV PZ DQG PV DQG WKH XQVDWXUDWHG FRHIILFLHQW RI SHUPHDELOLW\ LH NZ DUH
UHTXLUHG7KHXQVDWXUDWHGFRHIILFLHQWRISHUPHDELOLW\FDQEHFRPSXWHGXVLQJWKHVDWXUDWHG
FRHIILFLHQW RI SHUPHDELOLW\ DQG WKH VRLOZDWHU FKDUDFWHULVWLF FXUYH &KLOGV DQG &ROOLV
*HRUJH%XUGLQH%URRNVDQG&RUH\0XDOHPYDQ*HQXFKWHQ
)UHGOXQGDQG5DKDUGMR)UHGOXQGHWDO/HRQJDQG5DKDUGMRE
DQG$JXVHWDO
 .R]HQ\&DUPDQ0RGHOIRU6DWXUDWHG3HUPHDELOLW\)XQFWLRQ
 1XPHURXVPRGHOVZHUHSURSRVHG WR UHODWHSHUPHDELOLW\ RU LQWULQVLFSHUPHDELOLW\
RIVRLOVZLWKYRLGUDWLRHJ+D]HQ6OLFKWHU7HU]DJKL.R]HQ\
DQG &DUPDQ  7KH PRGHOV ZHUH LQLWLDOO\ GHYHORSHG IRU D SXUSRVH WR HVWLPDWH
FRHIILFLHQWRISHUPHDELOLW\RIVRLOVZLWKUHVSHFWWRZDWHUIURPJUDLQVL]HDQGSRURVLW\RU
YRLGUDWLRRIWKHVRLOV7KH.R]HQ\&DUPDQPRGHOZDVGHYHORSHGEDVHGRQWKHIROORZLQJ
DVVXPSWLRQV
 'DUF\¶VODZLVYDOLGIRUIORZRIZDWHULQVDWXUDWHGVRLOV
 7KH+DJHQ3RLVHXLOOHHTXDWLRQIRUYLVFRXVIORZWKURXJKWXEHVLVYDOLG
 7KHWRUWXRVLW\RIIORZFKDQQHOVLVFRQVWDQW
 7KHIORZFKDQQHOVKDYHWKHVDPHVL]H

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV

 6RLOSDUWLFOHVDUHULJLGDQGQRLQWHUDFWLRQVEHWZHHQVRLOSDUWLFOHVDQGSHUPHDWLQJIOXLG
RFFXU
 7KH.R]HQ\&DUPDQPRGHOIRUIORZRIZDWHULVH[SUHVVHGLQWKHIROORZLQJHTXDWLRQ
&DUULHU,,,
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ZKHUHNVLVWKHVDWXUDWHGFRHIILFLHQWRISHUPHDELOLW\.LVWKHLQWULQVLFSHUPHDELOLW\UZLV
WKH GHQVLW\ RIZDWHUJ LV WKH JUDYLWDWLRQDO DFFHOHUDWLRQPZ LV WKH DEVROXWH YLVFRVLW\ RI
ZDWHU&.&LVWKH.R]HQ\&DUPDQHPSLULFDOFRHIILFLHQWLHHTXDOWR6RLVWKHVSHFLILF
VXUIDFHDUHDRIVRLOSDUWLFOHVSHUXQLWYROXPHRIWKHVRLODQGHLVWKHVRLOYRLGUDWLR 
 &DUULHU ,,,  IRXQG WKDW WKH .R]HQ\&DUPDQ PRGHO .R]HQ\  DQG
&DUPDQKDGWKHEHVWWKHRUHWLFDOEDVLVDVFRPSDUHGWRWKHRWKHUPRGHOV7KLVLVGXH
WR WKHIDFW WKDW WKHJUDLQVL]HGLVWULEXWLRQRI WKHVRLO LVVRPHKRZWDNHQLQWRDFFRXQWE\
XVLQJ WKH VSHFLILF VXUIDFH DUHD 7KH.R]HQ\&DUPDQ IRUPXOD OLNH RWKHU IRUPXOD HJ
+D]HQ 6OLFKWHU DQG 7HU]DJKL IRUPXOD LV LQDFFXUDWH ZKHQ XVHG IRU SUHGLFWLQJ WKH
SHUPHDELOLW\ RI VRLOV ZLWK SODW\ SDUWLFOHV VXFK DV FOD\V H[WUHPH JUDLQVL]H GLVWULEXWLRQ
ZLWKKLJKSHUFHQWDJHRIILQHVDQGIRUDQLVRWURSLFVRLOV
 &OXVWHU0RGHOIRU6DWXUDWHG3HUPHDELOLW\)XQFWLRQ
 2OVHQ  IRXQG GLVFUHSDQFLHV EHWZHHQ WKH PHDVXUHG VDWXUDWHG FRHIILFLHQW RI
SHUPHDELOLW\DQGWKDWSUHGLFWHGXVLQJWKH.R]HQ\&DUPDQIRUPXOD(TXDWLRQIRU
FOD\V)DFWRUVWKDWPLJKWLQIOXHQFHWKHIORZRIZDWHUWKRXJKFOD\VRLOVZHUHGHVFULEHGLQ
2OVHQ  DQG LQFOXGHG SRVVLEOH HUURUV LQ'DUF\¶V ODZ LQWHUDFWLRQ EHWZHHQ YLVFRXV
DQGHOHFWULFIORZVEHWZHHQZDWHUDQGFOD\SDUWLFOHVLHHOHFWURNLQHWLFFRXSOLQJSRVVLEOH
KLJKHUYLVFRVLW\RIZDWHUQHDUWKHFOD\VXUIDFHVQRQFRQVWDQWWRUWXRVLW\RIWKHZDWHUIORZ
SDWKVDVLQGXFHGIRULQVWDQFHE\WKHDQLVRWURSLFVKDSHVDQGRULHQWDWLRQVRIFOD\SDUWLFOHV
DQGWKHH[LVWHQFHRIFOXVWHUVWKDWPD\LQGXFHXQHTXDOSRUHVL]HVLQWKHVRLO,WZDVIRXQG
WKDW WKH GHYLDWLRQ RI (TXDWLRQ  IURP WKH PHDVXUHG GDWD ZDV DWWULEXWHG WR WKH
SUHVHQFH RI FOD\ FOXVWHUV LQ WKH VRLO 6RPH RWKHU DERYHPHQWLRQHG IDFWRUV WKDW PLJKW
LQGXFHWKHGLVFUHSDQFLHVZHUHIRXQGWREHLQVLJQLILFDQW
 %DVHG RQ WKH FRQFOXVLRQ GUDZQ UHJDUGLQJ WKH IDFWRU WKDW LQIOXHQFHV DW PRVW WKH
GHYLDWLRQRIWKH.R]HQ\&DUPDQHTXDWLRQIRUSUHGLFWLQJWKHZDWHUIORZWKRXJKFOD\VRLOV
D VDWXUDWHG SHUPHDELOLW\ PRGHO FDOOHG FOXVWHU PRGHO ZDV SURSRVHG 2OVHQ 
$FFRUGLQJ WR 2OVHQ  WKH UDWLR RI PHDVXUHG IORZ UDWH WR WKH .R]HQ\&DUPDQ
HVWLPDWHGYDOXHFDQEHGHVFULEHGXVLQJWKHIROORZLQJHTXDWLRQ

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV
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ZKHUHTPHDVXUHGLVWKHPHDVXUHGIORZUDWHRIZDWHUT.&LVWKHSUHGLFWHGIORZUDWHXVLQJWKH
.R]HQ\&DUPDQPRGHO1LVWKHDYHUDJHQXPEHUFOD\SDUWLFOHVSHUFOXVWHUHPRUHFLQWKH
RULJLQDOPRGHOLVWKHFOXVWHUYRLGUDWLRLHWKHLQWUDFOXVWHURUWKHLQWUDDJJUHJDWHRUWKH
PLFURSRUHYRLGUDWLRDQGH7LVWKHWRWDOYRLGUDWLR
 )RUDSDUWLFXODUVRLOWKHUDWLRRIIORZUDWHDVJLYHQLQ(TXDWLRQLVHTXDOWRWKH
UDWLRRIWKHPHDVXUHGNVWRWKHFRPSXWHGNVXVLQJWKH.R]HQ\&DUPDQPRGHO7KHUHIRUH
WRFRPSXWHWKHVDWXUDWHGFRHIILFLHQWRISHUPHDELOLW\RIDFOD\XVLQJ(TXDWLRQWKH
SDUDPHWHU1 DQG WKH WZRYRLG UDWLRV LH WKH FOXVWHU DQG WKH WRWDO YRLG UDWLRVPXVWEH
NQRZQ7KH QXPEHU RI FOD\ SDUWLFOHV SHU FOXVWHU 1ZDV DVVXPHG WR EH FRQVWDQW IRU D
VSHFLILFVRLOSHUPHDQWV\VWHP7KHFOD\SHUPHDQWGLVSHUVLRQV\VWHPVZHUHFRQVLGHUHGWR
DIIHFW WKHGHFUHDVH LQERWK FOXVWHU DQG LQLWLDO FOXVWHUYRLG UDWLRV2OVHQ  DVVXPHG
UHODWLRQVKLS EHWZHHQ WKH WRWDO FOXVWHU RU LQWUDFOXVWHU RU PLFUR DQG LQWHUFOXVWHU RU
PDFURYRLGUDWLRVLQZKLFKWKHFOXVWHUYRLGUDWLREHJLQVWRGHFUHDVHZKHQWKHLQWHUFOXVWHU
YRLGUDWLRLVHTXDOWR)LJXUH7KHIROORZLQJHTXDWLRQKDVEHHQIRUPXODWHGIRU
WKH WRWDO FOXVWHU DQG LQWHUFOXVWHU YRLG UDWLR LGHDOLVHG UHODWLRQVKLS IURP WKH RULJLQDO
DVVXPSWLRQSURSRVHGE\2OVHQVKRZQLQ)LJXUH
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ZKHUHHFRRUHPRLVWKHLQLWLDOFOXVWHURUPLFURYRLGUDWLRH7RUHLVWKHWRWDOYRLGUDWLR
 7KH UHODWLRQVKLS JLYHQ LQ (TXDWLRQ PD\ EH UHDVRQDEOH IRU H[SDQVLYH VRLOV
GXULQJ ORDGLQJDQGXQORDGLQJ RU FRPSUHVVLRQDQG UHERXQG VLQFHRQO\PDFURVWUXFWXUH
YRLG UDWLR LV SULPDULO\ DIIHFWHG E\ WKH PHFKDQLFDO ORDG :KHQ DQ H[SDQVLYH VRLO LV
VXEMHFWHGWRFKDQJHVLQVXFWLRQWKHFKDQJHVLQPLFURVWUXFWXUDOYRLGUDWLRRUFOXVWHUYRLG
UDWLRLVJRYHUQHGE\WKHFKDQJHVLQPLFURVWUXFWXUDOHIIHFWLYHVWUHVVDVJLYHQLQ(TXDWLRQ
7KHUHIRUHWKHXVHRI(TXDWLRQXQGHUHVWLPDWHVWKHPDJQLWXGHRIHF

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV


)LJXUH$VVXPHGUHODWLRQVKLSEHWZHHQWRWDOFOXVWHURULQWUDFOXVWHURUPLFURDQG
LQWHUFOXVWHURUPDFURYRLGUDWLR2OVHQ
 $FKDUL HW DO  XVHG WKH PRGLILHG GLIIXVHG GRXEOH OD\HU ''/ WKHRU\ LQ
FRQMXQFWLRQ ZLWK WKH WUXH HIIHFWLYH VWUHVV FRQFHSW SURSRVHG E\ /DPEH DQG :KLWPDQ
VHH&KDSWHUIRUGHWDLOVIRUFRPSXWLQJWKHFOXVWHUYRLGUDWLR7KHUHSXOVLYHIRUFH
ZDVFRPSXWHGIURPWKHEDVLF''/WKHRU\ZKHUHDVWKHDWWUDFWLYHIRUFHLVFRQVLGHUHGWREH
JRYHUQHGE\WKHYDQGHU:DDOVDWWUDFWLYHIRUFHV7KHIROORZLQJHPSLULFDOUHODWLRQVKLSZDV
XVHG WR FRPSXWH WKH 1 YDOXH DV D IXQFWLRQ RI HIIHFWLYH VWUHVV DQG FRQFHQWUDWLRQ RI
SHUPHDQW
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ZKHUHVXZLVWKHHIIHFWLYHVWUHVVLQN3DDQG&RLVWKHEXONFRQFHQWUDWLRQRISHUPHDQW
LQJHTXLYDOHQWP
 $QLWHUDWLYHSURFHGXUHZDVVHWXSE\$FKDULHWDOWRVROYHWKH''/HTXDWLRQ
DQG WR FRPSXWH WKH VDWXUDWHG FRHIILFLHQW RI SHUPHDELOLW\ 7KH FRPELQDWLRQ RI ''/
WKHRU\WUXHHIIHFWLYHVWUHVVFRQFHSWDQGFOXVWHUPRGHOSURSRVHGE\$FKDULHWDOWR
FRPSXWHNVLVOLPLWHGWRKRPRLRQLFFOD\DQGLRQLFVROXWLRQV
 *HO0RGHOIRU6DWXUDWHG3HUPHDELOLW\)XQFWLRQ
 3XVFKREVHUYHGWKDWWKHUHZDVDIRUPDWLRQRIFOD\JHOVZKHQDEHQWRQLWHLVLQ
FRQWDFWZLWKZDWHU7KHSUHVHQFHRIJHOV LQIOXHQFH WKH LQWHUFRQQHFWLYLW\RISRUHV LQ WKH
EHQWRQLWH DQG DIIHFWV LWV SHUPHDELOLW\ ,W ZDV IRXQG WKDW VRGLXP PRQWPRULOORQLWH
SRVVHVVHG D ORZHU SHUPHDELOLW\ FRPSDUHG WR FDOFLXPPRQWPRULOORQLWH DW WKH VDPH YRLG

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV

UDWLR LQGLFDWLQJ WKH OHVVYROXPHRI LQWHUFRQQHFWHGSRUHV LQ WKH VRGLXPPRQWPRULOORQLWH
$FFRUGLQJWR3XVFKDFRPSDFWHGEHQWRQLWHVSHFLPHQFRQVLVWHGRIVHYHUDOSDFNVRI
FOXVWHUVZLWKGLIIHUHQWGHQVLWLHVDQGZLWKFOD\JHOILOOLQJYRLGVLQEHWZHHQ7KHGHQVLWLHV
RIEHQWRQLWHSDFNV DQGFOD\JHOV FDQEH HYDOXDWHGE\ WDNLQJDGLJLWDOPLFURJUDSKRI DQ
XOWUDWKLQVHFWLRQRIWKHVSHFLPHQ$QLPDJHDQDO\VLVLVUHTXLUHGIRUIXUWKHULQWHUSUHWDWLRQ
RIWKHGLJLWDOSKRWR*HQHUDOO\WKHJHOGHQVLW\LVDIXQFWLRQRIGU\GHQVLW\RIWKHVSHFLPHQ
DQG WKH SRUHZDWHU FKHPLVWU\ 7KH DYHUDJH FRHIILFLHQW RI SHUPHDELOLW\ NDYH RI DQ
H[SDQVLYHVRLOZLWKHOHPHQWVRIGLIIHUHQWGHQVLW\DQGSHUPHDELOLW\FDQEHFRPSXWHGXVLQJ
WKHIROORZLQJHTXDWLRQ
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ZKHUH P LV WKH QXPEHU RI HOHPHQWV LQ IORZ GLUHFWLRQ Q LV WKH QXPEHU RI HOHPHQWV
SHUSHQGLFXODU WR WKH IORZ GLUHFWLRQ DQG NLM LV WKH FRHIILFLHQW RI SHUPHDELOLW\ RI HDFK
HOHPHQWFRPSXWHGEDVHGRQWKHLPDJHDQDO\VLVRIWKHGLJLWDOPLFURJUDSK
 0DFURVFRSLF0RGHOIRU8QVDWXUDWHG3HUPHDELOLW\)XQFWLRQ
 7KH PDFURVFRSLF PRGHO IRU XQVDWXUDWHG SHUPHDELOLW\ FRPSXWDWLRQ ZDV ILUVW
SURSRVHGE\%URRNVDQG&RUH\EDVHGRQWKHZRUNRI%XUGLQH7KHPRGHO
ZDV GHYHORSHGZLWK DQ REMHFWLYH WR GHULYH DQ DQDO\WLFDO H[SUHVVLRQ IRU WKH XQVDWXUDWHG
SHUPHDELOLW\ IXQFWLRQ 0XDOHP  DQG /HRQJ DQG 5DKDUGMR E $VVXPSWLRQV
XVHGLQWKHGHULYDWLRQRIPDFURVFRSLFPRGHODUH
 $VLPLODULW\RFFXUVEHWZHHQODPLQDUIORZLHPLFURVFRSLFOHYHOWRIORZLQSRURXV
PHGLDLHPDFURVFRSLFOHYHO
 'DUF\¶VODZLVYDOLGIRUIORZRIZDWHUDQGDLULQXQVDWXUDWHGSRURXVPHGLDRUVRLOV
 3RUHIOXLGFRQVLVWVRIWZRSKDVHVQDPHO\ZDWHUDQGDLUDQGERWKDUHVHSDUDWHGE\D
FXUYHGLQWHUIDFH
 :DWHUFDQRQO\IORZWKRXJKSRUHVILOOHGZLWKZDWHUDQGDLUFDQRQO\IORZWKURXJKDLU
ILOOHGVRLOSRUHV
 6RLOSDUWLFOHVDUHULJLGDQGQRLQWHUDFWLRQVEHWZHHQVRLOSDUWLFOHVDQGSHUPHDWLQJIOXLG
RFFXU
 ,Q WKH%URRNV DQG&RUH\ PDFURVFRSLFPRGHO WKH VRLOZDWHU FKDUDFWHULVWLF
FXUYH 6:&& ZDV H[SUHVVHG DV D UHODWLRQVKLS EHWZHHQ GHJUHH RI VDWXUDWLRQ 6U DQG
PDWULFVXFWLRQXVLQJWKHIROORZLQJHTXDWLRQ

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV

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ZKHUH6HLVWKHHIIHFWLYHGHJUHHRIVDWXUDWLRQZLWKUHVSHFWWRZDWHUSKDVHLQSHUFHQW6UHVLV
WKHUHVLGXDOGHJUHHRIVDWXUDWLRQLQSHUFHQWVLVWKHVRLOVXFWLRQVELVDILWWLQJSDUDPHWHU
WKDWPLJKWEHFORVHGWRWKHDLUHQWU\YDOXHRIWKHVRLO&RUH\DQG%URRNVDQGOELV
DFRQVWDQWZKLFKLVDVRLOSURSHUW\DQGFDOOHGSRUHVL]HGLVWULEXWLRQLQGH[
 7KHXQVDWXUDWHGFRHIILFLHQWRISHUPHDELOLW\ZLWKUHVSHFWWRZDWHUSKDVHNZKDGWKH
IROORZLQJIRUPIRUVXFWLRQJUHDWHUWKDQVE
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ZKHUH NUZ LV WKH UHODWLYH SHUPHDELOLW\ ZLWK UHVSHFW WR ZDWHU SKDVH NV LV WKH VDWXUDWHG
FRHIILFLHQWRISHUPHDELOLW\DQGGLVDFRQVWDQW%URRNVDQG&RUH\FDOFXODWHGWKDW
GEZDVHTXDOWROEOE
 %URRNV DQG &RUH\  DVVHVVHG WKH PDFURVFRSLF PRGHO IRU SUHGLFWLQJ WKH
XQVDWXUDWHGFRHIILFLHQWRISHUPHDELOLW\RIYDULRXVVRLOV,WZDVIRXQGWKDWWKHPRGHOJDYH
JRRGHVWLPDWHRIXQVDWXUDWHGSHUPHDELOLW\IRUVDQG\VRLOVZKHUHWKHVEYDOXHRUWKHDLU
HQWU\ YDOXH FDQ EH GLVWLQJXLVKHG HDVLO\ LQ WKH 6:&& ,Q WKHPDFURVFRSLFPRGHO WKH
HIIHFW RI SRUHVL]H GLVWULEXWLRQ RI WKH VRLO LV QHJOHFWHG DQG WKHUHIRUH WKH PRGHO
RYHUVLPSOLILHVWKHIORZRIZDWHULQWKHXQVDWXUDWHGVRLOV
 6WDWLVWLFDO0RGHOIRU6DWXUDWHGDQG8QVDWXUDWHG3HUPHDELOLW\)XQFWLRQV
 7KHVWDWLVWLFDOPRGHOKDVEHHQGHULYHGE\WDNLQJLQWRDFFRXQWWKHHIIHFWRISRUHVL]H
GLVWULEXWLRQRQERWKWKH6:&&DQGWKHSHUPHDELOLW\IXQFWLRQ&KLOGVDQG&ROOLV*HRUJH
 GHYHORSHG D VWDWLVWLFDO PRGHO IRU FRPSXWLQJ WKH SHUPHDELOLW\ IXQFWLRQ RI VRLOV
EDVHGRQWKHIROORZLQJDVVXPSWLRQV/HRQJDQG5DKDUGMRE
 7KHVRLOFRQVLVWVRISRUHVWKDWDUHGLVWULEXWHGDQGLQWHUFRQQHFWHGUDQGRPO\DFFRUGLQJ
WRDVWDWLVWLFDOGLVWULEXWLRQIXQFWLRQ
 7KH+DJHQ3RLVHXLOOHHTXDWLRQIRUYLVFRXVIORZWKURXJKWXEHVLVYDOLG
 'DUF\¶VODZLVYDOLGIRUIORZRIZDWHULQVDWXUDWHGDQGXQVDWXUDWHGVRLOV
 7KHSRUHVL]HGLVWULEXWLRQRIVRLOVLVUHODWHGWRWKH6:&&XVLQJ.HOYLQFDSLOODU\ODZ
 :DWHUFDQRQO\IORZWKRXJKSRUHVILOOHGZLWKZDWHUDQGDLUFDQRQO\IORZWKURXJKDLU
ILOOHGVRLOSRUHV

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV

 6RLOSDUWLFOHVDUHULJLGDQGQRLQWHUDFWLRQVEHWZHHQVRLOSDUWLFOHVDQGSHUPHDWLQJIOXLG
RFFXU
 %DVHG RQ WKH DERYH DVVXPSWLRQV DQ HTXDWLRQ GHVFULELQJ WKH IORZ RI ZDWHU LQ
VDWXUDWHGDQGXQVDWXUDWHGVRLOVZDVGHYHORSHG7KHIROORZLQJJHQHULFHTXDWLRQZDVXVHG
WRFDOFXODWHWKHVDWXUDWHGFRHIILFLHQWRISHUPHDELOLW\IURPWKHSRUHVL]HGLVWULEXWLRQRIVRLO
&KLOGVDQG&ROOLV*HRUJHDQG/XDQG/LNRV
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ZKHUH UZ LV WKH GHQVLW\ RI ZDWHU PZ LV WKH DEVROXWH YLVFRVLW\ RI ZDWHU J LV WKH
JUDYLWDWLRQDODFFHOHUDWLRQQLVWKHVRLOSRURVLW\PLVWKHQXPEHURISRUHFODVVHVDQG'SL
LVWKHPHDQGLDPHWHURISRUHVRIFODVVL7KHVPDOOHVWGLDPHWHURISRUHVLVUHSUHVHQWHGE\
'SQ
 0DUVKDOO  PRGLILHG WKH &KLOGV DQG &ROOLV*HRUJH HTXDWLRQ IRU IORZ LQ
XQVDWXUDWHG VRLOV 7KH IROORZLQJ HTXDWLRQ ZDV GHULYHG IRU FRPSXWLQJ WKH XQVDWXUDWHG
FRHIILFLHQW RI SHUPHDELOLW\ XVLQJ WKH&KLOGV DQG&ROOLV*HRUJH  VWDWLVWLFDOPRGHO
.XQ]HDQG)UHGOXQGDQG5DKDUGMR
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ZKHUH NVNVF LV WKH UDWLR RI PHDVXUHG VDWXUDWHG FRHIILFLHQW RI SHUPHDELOLW\ NV WR WKH
FRPSXWHGYDOXHNVF7ZLVWKHVXUIDFHWHQVLRQRIZDWHUMDQGLDUHFRXQWHUVPLVWKHWRWDO
QXPEHURISRUHVL]HLQWHUYDOVEHWZHHQWKHVDWXUDWHGYROXPHWULFZDWHUFRQWHQWTVWRWKH
ORZHVW YROXPHWULF ZDWHU FRQWHQW TO TZ LV WKH YROXPHWULF ZDWHU FRQWHQW DQG1 LV WKH
QXPEHURILQWHUYDOVEHWZHHQTVDQG]HURYROXPHWULFZDWHUFRQWHQW
 0XDOHPDQDO\VHGWKHVWDWLVWLFDOPRGHODQGVKRZHGWKDW WKHDQDO\WLFDOIRUP
RI(TXDWLRQLV
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ZKHUH-LVDGXPP\LQWHJUDWLRQYDULDEOH
 0XDOHP  SURSRVHG WKH IROORZLQJ HTXDWLRQ IRU FRPSXWLQJ WKH XQVDWXUDWHG
FRHIILFLHQWRISHUPHDELOLW\IURPWKHVDWXUDWHGFRHIILFLHQWRISHUPHDELOLW\DQGWKH6:&&

&KDSWHU0RGHOOLQJFRQVWLWXWLYHEHKDYLRXURIH[SDQVLYHVRLOV
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ZKHUH4LVDFRHIILFLHQWLHWKHQRUPDOLVHGYROXPHWULFZDWHUFRQWHQW TZTVWRDFFRXQW
IRUWKHWRUWRVLW\
 9DQ*HQXFKWHQSURSRVHGDFORVHGIRUPHTXDWLRQIRUSHUPHDELOLW\ IXQFWLRQ
EDVHG RQ WKH 0XDOHP  PRGHO 7KH HTXDWLRQ ZKLFK LV DOVR NQRZQ DV YDQ
*HQXFKWHQ0XDOHP HTXDWLRQ ZDV HVWDEOLVKHG E\ WDNLQJ WKH YDQ *HQXFKWHQ 
6:&&HTXDWLRQ WRGHVFULEH WKH UHODWLRQVKLSEHWZHHQHIIHFWLYHGHJUHHRI VDWXUDWLRQ DQG
VXFWLRQ(TXDWLRQZKHQP ±Q
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 7KHYDQ*HQXFKWHQ0XDOHPPRGHOFDQDOVREHH[SUHVVHGDVDUHODWLRQVKLSEHWZHHQ
UHODWLYHSHUPHDELOLW\YHUVXVHIIHFWLYHGHJUHHRIVDWXUDWLRQ
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ZKHUH6HLVWKHHIIHFWLYHGHJUHHRIVDWXUDWLRQLQSHUFHQW 
 /HRQJ DQG 5DKDUGMR E IRXQG WKDW WKH VWDWLVWLFDO PRGHOV JDYH WKH EHVW
DJUHHPHQW ZLWK WKH H[SHULPHQWDO GDWD $JXV HW DO E DVVHVVHG VHYHUDO VWDWLVWLFDO
PRGHOVFRPELQHGZLWKVHYHUDO6:&&HTXDWLRQVWRHVWLPDWHWKHSHUPHDELOLW\IXQFWLRQVRI
YDULRXV W\SHV RI VRLO UDQJLQJ IURP VDQGV DQG JUDYHOV WR FOD\V ,W ZDV IRXQG WKDW WKH
0XDOHP  VWDWLVWLFDO PRGHO JDYH WKH EHVW ILW WR PRVW RI WKH VRLOV ZKHQ XVHG LQ
FRQMXQFWLRQZLWK WKH )UHGOXQG DQG;LQJ  6:&& HTXDWLRQ 7KH VWDWLVWLFDOPRGHO
XVLQJDFRPELQDWLRQRI WKH)UHGOXQGDQG;LQJ6:&&HTXDWLRQDQGWKH0XDOHP
VWDWLVWLFDOPRGHOLVIXUWKHUFDOOHG)UHGOXQGDQG;LQJ0XDOHPVWDWLVWLFDOPRGHO



&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\

&+$37(5 
/,7(5$785(5(9,(:21(;3(5,0(17$/7(&+1,48(6
5(/(9$17727+,6678'<
 *HQHUDO
 7KLV FKDSWHUSUHVHQWV OLWHUDWXUH UHYLHZRQ WKH H[SHULPHQWDO WHFKQLTXHV UHOHYDQW WR
WKLVVWXG\6HYHUDOWHFKQLTXHVIRUPHDVXULQJVXFWLRQWKDWFRXOGDOVREHXVHGLQWKHVWXG\
DUH GHVFULEHG 6ZHOOLQJ SUHVVXUH PHDVXUHPHQWV XVLQJ YDULRXV WHFKQLTXHV FLWHG LQ
OLWHUDWXUHDUHDOVRHODERUDWHGLQWKLVFKDSWHU5HOHYDQWVXFWLRQFRQWUROWHFKQLTXHVWKDWFDQ
DOVREHDGRSWHGLQWKLVLQYHVWLJDWLRQDQGWKHDSSOLFDWLRQVLQRHGRPHWHUWHVWVDUHGHVFULEHG
DQGGLVFXVVHG
 0HDVXUHPHQWVRI6XFWLRQ
 6XFWLRQ PHDVXUHPHQWV DUH FKDOOHQJLQJ IRU JHRWHFKQLFDO HQJLQHHUV 7KLV LV
SDUWLFXODUO\ WUXH ZKHQ PHDVXULQJ ORZ YDOXHV RI WRWDO VXFWLRQ )LJXUH  VKRZV
DSSUR[LPDWHUDQJHRIYDULRXVPHWKRGVFRPPRQO\XVHGIRUPHDVXULQJVXFWLRQ1RVLQJOH
SLHFH RI HTXLSPHQW FRYHUV WKH HQWLUH UDQJH RI WRWDO VXFWLRQ WKDW PD\ EH HQFRXQWHUHG
0HDVXUHPHQWVRIVXFWLRQFDQEHGLYLGHGLQWRWZRPDLQFDWHJRULHVQDPHO\GLUHFWPHWKRG
IRUPHDVXULQJPDWULFVXFWLRQDQGLQGLUHFWPHWKRGIRUPHDVXULQJPDWULFRVPRWLFDQGWRWDO
VXFWLRQV*HQHUDOO\PHDVXULQJPDWULFVXFWLRQLVPRUHGHVLUDEOHLQWKHORZVXFWLRQUDQJH
LH EHORZ  N3D ZKHUH WKH FRQWULEXWLRQ RI FDSLOODU\ FRPSRQHQW RI VXFWLRQ LV
VLJQLILFDQW,QWKHKLJKVXFWLRQUDQJHVXUIDFHDUHDHIIHFWVDUHGRPLQDQWDQGPHDVXUHPHQW
RIPDWULF VXFWLRQ LV GLIILFXOW 6XFWLRQZKLFK LV UHOHYDQW LQ WKH VWXG\ RI H[SDQVLYH VRLOV
UDQJHVIURPWRN3D/LNRVDQG/X
 'LUHFW0HDVXUHPHQWRI0DWULF6XFWLRQ
 0DWULFVXFWLRQRIDVRLOLVGHWHUPLQHGGLUHFWO\E\PHDVXULQJWKHQHJDWLYHSRUHZDWHU
SUHVVXUHRIWKHVRLO7KHPHDVXUHPHQWUHTXLUHVDVHSDUDWLRQEHWZHHQZDWHUDQGDLUSKDVH
QRUPDOO\E\PHDQVRI D FHUDPLFGLVNRU D FHUDPLF FXS7KHPD[LPXPYDOXHRIPDWULF
VXFWLRQWKDWFDQEHPHDVXUHGLVOLPLWHGE\WKHDLUHQWU\YDOXHRIWKHFHUDPLFGLVNRUWKH
FHUDPLFFXSXVHG+RZHYHUFDYLWDWLRQSRVHVDQRWKHU UHVWULFWLRQ WR WKH WHFKQLTXHZKHQ
XVHG IRU PHDVXULQJ KLJK PDWULF VXFWLRQV 7KLV RFFXUV ZKHQ WKH QHJDWLYH SRUHZDWHU
SUHVVXUHLQWKHVRLODSSURDFKHVWKHZDWHUYDSRXUSUHVVXUHDWWKHDPELHQWWHPSHUDWXUHDQG
IDFLOLWDWHV WKH PRYHPHQW RI ZDWHU IURP OLTXLG WR YDSRXU IRUP 7KHRUHWLFDOO\ WKH

&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\

PD[LPXPPDWULFVXFWLRQWKDWFDQEHPHDVXUHGXVLQJWKLVPHWKRGLVN3D)UHGOXQG
DQG5DKDUGMR
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6XFWLRQVN3D
1XOOW\SHD[LVWUDQVODWLRQPDWULFN3D
7HQVLRPHWHUPDWULFN3D
6XFWLRQSUREHPDWULFN3D
7&6PDWULFN3D
7'5PDWULFHQWLUHUDQJH
3RUHIOXLGVTXHH]LQJRVPRWLFHQWLUHUDQJH
3V\FKURPHWHUWRWDON3DN3D
6XUIDFHDUHDHIIHFWV
)LOWHUSDSHUPDWULFN3DWRWDON3DN3D
3RUHJHRPHWU\HIIHFWV
6XFWLRQUDQJHIRUVWXG\RIH[SDQVLYH
VRLOVN3DN3D

)LJXUH6XFWLRQPHDVXUHPHQWUDQJHRIYDULRXVPHWKRGV
7HQVLRPHWHU
 7HQVLRPHWHU LV QRUPDOO\ XVHG IRU GLUHFWO\ PHDVXULQJ WKH QHJDWLYH SRUHZDWHU
SUHVVXUH RI VRLO 7KH SULQFLSOH RI VXFWLRQ PHDVXUHPHQW XVLQJ WHQVLRPHWHU LV WKDW RQFH
SUHVVXUH HTXLOLEULXP EHWZHHQ WKH VRLO DQG WKH WHQVLRPHWHU LV DFKLHYHG ZDWHU LQ WKH
WHQVLRPHWHUZLOOEHLQWHQVLRQRIWKHVDPHPDJQLWXGHDVWKHQHJDWLYHSRUHZDWHUSUHVVXUH
LQ WKH VRLO 6LQFH D WUXH VHPLSHUPHDEOH PHPEUDQH IRU VROXEOH VDOWV GRHV QRW H[LVW LQ
WHQVLRPHWHU WKH HIIHFW RI RVPRWLF FRPSRQHQW RI VXFWLRQ LV QRW PHDVXUHG 7KXV WKH
PHDVXUHPHQWRQO\SURYLGHVWKHYDOXHRIPDWULFVXFWLRQFRPSRQHQWLQWKHVRLO'XHWRWKH
FDYLWDWLRQSUREOHPWKHXVHRIDFHUDPLFFXSZLWKDKLJKHUDLUHQWU\YDOXHZLOOQRWLQFUHDVH
WKHPHDVXUHPHQW UDQJH RI WKH WHQVLRPHWHU 7KHUHIRUH WKH WHFKQLTXH FDQ RQO\PHDVXUH
PDWULFVXFWLRQXSWRDERXWN3D
 ,PSURYHPHQWV KDYH EHHQ PDGH WR WKH WHQVLRPHWHU WHFKQLTXH WR HQDEOH
PHDVXUHPHQWV RI PDWULF VXFWLRQ JUHDWHU WKDQ  N3D WR EH SHUIRUPHG 2VPRWLF
WHQVLRPHWHU SURSRVHG E\ 3HFN DQG 5DEELGJH  XVHG DQ DTXHRXV VROXWLRQ RI
SRO\HWK\OHQH JO\FRO 3(* WKDW SURYLGHG D µSUHVWUHVVLQJ¶ WR WKH WHQVLRPHWHU +LJKHU
PDWULF VXFWLRQ FDQ EH PHDVXUHG GHSHQGLQJ RQ WKH SUHVWUHVVLQJ SUHVVXUH H[HUWHG 7KLV
SUHVVXUH DFWV DV D UHIHUHQFH SUHVVXUH LQ WKH WHQVLRPHWHU +RZHYHU DOWHUDWLRQ RI WKH

&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\

UHIHUHQFH SUHVVXUHZLWK WLPH DQG WHPSHUDWXUH SRVHV GLIILFXOWLHV DQG UHVWULFWV WKH XVH RI
RVPRWLFWHQVLRPHWHULQSUDFWLFH%RFNLQJDQG)UHGOXQG
$[LVWUDQVODWLRQ7HFKQLTXH
 0DWULF VXFWLRQ LV PRVWO\ DVVRFLDWHG ZLWK WKH VRLO PDWUL[ DQG LV GHILQHG DV WKH
GLIIHUHQFH EHWZHHQ SRUHDLU DQG K\GURVWDWLF SRUHZDWHU SUHVVXUH RI WKH VRLO 7KHUHIRUH
PHDVXULQJ QHJDWLYH SRUHZDWHU SUHVVXUH FDQ EH DYRLGHG E\ LQFUHDVLQJ WKH SRUHDLU
SUHVVXUHZKLOHPDLQWDLQLQJWKHSRUHZDWHUSUHVVXUHWRDSRVLWLYHUHIHUHQFHSUHVVXUHLH
D[LVWUDQVODWLRQ WHFKQLTXH +LOI  7KHPHDVXUHPHQW RI PDWULF VXFWLRQ XVLQJ WKLV
WHFKQLTXHLVRQO\OLPLWHGE\WKHDLUHQWU\YDOXHRIWKHFHUDPLFGLVNXVHGVLQFHFDYLWDWLRQ
FDQEHDYRLGHGGXHWRHOHYDWHGSRUHZDWHUSUHVVXUH&HUDPLFGLVNVZLWKDPD[LPXPDLU
HQWU\ YDOXH RI  N3D DUH DYDLODEOH LQ WKH PDUNHW 6RLOPRLVWXUH (TXLSPHQW &RUS
2OVRQDQG/DQJIHOGHUGHYHORSHGDSUHVVXUHSODWHDSSDUDWXVIRUPHDVXULQJ
PDWULF VXFWLRQ XVLQJ WKH D[LVWUDQVODWLRQ WHFKQLTXH 6LQFH ZDWHU SUHVVXUH LQ WKH ZDWHU
FRPSDUWPHQW LVPDLQWDLQHG DV FORVH DV SRVVLEOH DW D ]HURYDOXH WKH WHFKQLTXH LV FDOOHG
QXOOW\SHD[LVWUDQVODWLRQWHFKQLTXH)UHGOXQG
6XFWLRQ3UREH
 5LGOH\DQG%XUODQGGHYHORSHGDVXFWLRQSUREHIRUPHDVXULQJPDWULFVXFWLRQ
RIVRLO,QWKHVXFWLRQSUREHWKHYROXPHRIZDWHUUHVHUYRLUEHQHDWKWKHFHUDPLFGLVNRU
FHUDPLF FXS LV PLQLPLVHG :DWHU LQ WKH ZDWHU UHVHUYRLU LV SUHSUHVVXULVHG VXFK WKDW
EHQHILWRIWKHKLJKWHQVLOHVWUHQJWKRIZDWHUFDQEHXWLOLVHG0DULQKRDQG&KDQGOHU
6LPLODU WHFKQLTXHKDVEHHQDGRSWHGE\*XDQDQG)UHGOXQG5HFHQWO\0HLODQLHW
DO  GHYHORSHG D PLQL VXFWLRQ SUREH IRU PHDVXULQJ PDWULF VXFWLRQ DORQJ WKH
VSHFLPHQ¶V KHLJKW GXULQJ WULD[LDO WHVW RQ DQ XQVDWXUDWHG VRLO 7KH VHQVRU XVHG D EDU
FHUDPLF GLVNZKLFKZDV WKLQQHG GRZQ WR DERXW PP WKLFN XVLQJ VDQGSDSHU 7KH IDVW
UHVSRQVH RI WKH V\VWHPZDV HQVXUHG E\PLQLPLVLQJ WKH YROXPH RI ZDWHU FRPSDUWPHQW
EHQHDWK WKH FHUDPLF GLVN 6LPLODU WR WKH QXOOW\SH D[LVWUDQVODWLRQ WHFKQLTXH WKH XSSHU
OLPLWRIPDWULFVXFWLRQWKDWFDQEHPHDVXUHGXVLQJWKLVWHFKQLTXHLVJRYHUQHGE\WKHDLU
HQWU\YDOXHRIWKHFHUDPLFGLVNRUFHUDPLFFXSXVHG
 ,QGLUHFW0HDVXUHPHQWRI0DWULF6XFWLRQ
 7KH LQGLUHFW PHDVXUHPHQW RI PDWULF VXFWLRQ LV FRPPRQO\ SHUIRUPHG XVLQJ IRU
LQVWDQFH D VWDQGDUG SRURXV VHQVRU PDGH RI D VSHFLDO PDWHULDO HJ Q\ORQ ILEUHJODVV
J\SVXP FOD\ FHUDPLFV VLQWHUHG JODVV PHWDO DQG ILOWHU SDSHU 7KH PHDVXUHPHQW LV
SHUIRUPHGE\HTXLOLEUDWLQJWKHSRURXVVHQVRUZLWKWKHPDWULFVXFWLRQLQWKHVRLO+HQFH
WKHZDWHUFRQWHQWRIWKHSRURXVVHQVRUUHSUHVHQWVWKHPDJQLWXGHRIPDWULFVXFWLRQRIWKH
VRLO

&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\

7KHUPDO&RQGXFWLYLW\6HQVRU7&6
 7KHPHDVXUHPHQWRIZDWHUFRQWHQWRIWKHSRURXVVHQVRUFDQEHGRQHE\PHDVXULQJ
WKH HOHFWULFDO RU WKHUPDO SURSHUWLHV RI WKH SRURXV VHQVRU 7KH PHDVXUHPHQW RI PDWULF
VXFWLRQ EDVHG RQ WKH HOHFWULFDO SURSHUWLHV LV VHQVLWLYH WR WKH SUHVHQFH RI GLVVROYHG VDOWV
LHRVPRWLFVXFWLRQHIIHFWVLQWKHVRLOSRUHZDWHU5LFKDUGV7KHUHIRUHWKHXVH
RIWKHWKHUPDOSURSHUWLHVRIWKHSRURXVVHQVRULVSUHIHUUHG
 7KHUPDOFRQGXFWLYLW\VHQVRU7&6LVDQHTXLSPHQWSURSRVHGE\6KDZDQG%DYHU
 WR PHDVXUH PDWULF VXFWLRQ XVLQJ WKLV SULQFLSOH )HQJ HW DO  6LQFH WKHQ
PDQ\UHVHDUFKHUVKDYHXVHGWKHWHFKQLTXHDQGH[DPLQHGRWKHUPDWHULDOVWKDWFDQEHXVHG
WR HQFORVH WKH7&6 3KHQH HW DO /HH DQG )UHGOXQG  )UHGOXQG DQG:RQJ
5DKDUGMRHWDO7KHVHQVRULVHQFORVHGLQDSRURXVPHGLXPWKDWLVEURXJKW
LQWR HTXLOLEULXP ZLWK WKH PDWULF VXFWLRQ LQ WKH VRLO -RKQVWRQ  7KH WKHUPDO
FRQGXFWLYLW\RIWKHSRURXVEORFNLVPHDVXUHGZKLFKLVDIXQFWLRQRIZDWHUFRQWHQWRIWKH
SRURXVEORFNLQHTXLOLEULXPZLWKWKHVRLO
 7KH VXFWLRQ HTXLOLEULXP LV RQO\ SRVVLEOH ZKHQ WKH SRURXV EORFN LV LQ LQWLPDWH
FRQWDFWZLWKWKHVRLO5LGOH\DQG:UD\7KHUHIRUHWKHWHFKQLTXHPHDVXUHVPDWULF
VXFWLRQ&DOLEUDWLRQFXUYHPXVW ILUVWEHHVWDEOLVKHG WR UHODWH WKHUPDOFRQGXFWLYLW\RI WKH
SRURXV VHQVRU ZLWK PDWULF VXFWLRQ RI WKH VRLO 6LQFH ZDWHU FRQWHQWPDWULF VXFWLRQ
UHODWLRQVKLS GLIIHUV IURP RQH VRLO WR DQRWKHU HDFK VRLO UHTXLUHV D FDOLEUDWLRQ FXUYH WR
UHODWHWKHWKHUPDOFRQGXFWLYLW\RIWKHVHQVRUZLWKPDWULFVXFWLRQRIWKHVRLOWHVWHG$VWXG\
E\ )HQJ HW DO  RQ WKH XVH RI 7&6 IRUPHDVXULQJ VXFWLRQ LQGLFDWHV WKDW WKH7&6
H[KLELWVK\VWHUHVLV
7LPH'RPDLQ5HIOHFWRPHWU\7'5
 7LPH GRPDLQ UHIOHFWRPHWU\ 7'5 ZDV ILUVW VXJJHVWHG IRU PHDVXULQJ YROXPHWULF
ZDWHUFRQWHQWRIVRLOVE\7RSSHWDO6LQFHWKHQWKHPHWKRGKDVEHHQXVHGE\D
QXPEHU RI UHVHDUFKHUV LQYROYLQJ YDULRXV GLVFLSOLQHV HJ'DOWRQ HW DO .DOLQVNL
DQG.HOO\%HQVRQDQG%RVVFKHU$PHQWHHWDODQG<XDQG'UQHYLFK
 ,Q WKH7'5 WHFKQLTXH DSSDUHQWGLHOHFWULF FRQVWDQWRI WKH VRLO LH WKHEXON VRLO
ZDWHULVPHDVXUHGZKLFKLVUHODWHGWRYROXPHWULFZDWHUFRQWHQWRIWKHVRLO7RSSHWDO
$IXQGDPHQWDODVVXPSWLRQXVHGLQWKHDSSOLFDWLRQRI7'5WHFKQRORJ\LVWKDWWKH
GLHOHFWULF SURSHUWLHV RI WKH VRLO ZDWHU DUH VLPLODU WR WKRVH RI EXON ZDWHU :KLWH HW DO
 3RUHZDWHU RI FOD\ VRLOV LV NQRZQ WR H[KLELW GLVVROYHG VDOWV WKDW LQIOXHQFHV WKH
7'5UHDGLQJV0RUHRYHUIRUDTXLWHODUJHUDQJHRIZDWHUFRQWHQWDQGVXFWLRQHQFRXQWHUHG
LQFOD\VRLOVZDWHULVKHOGLQWKHSRUHVWKDWDUHORFDWHGZLWKLQWKHFOD\FOXVWHUVLHLQWUD
FOXVWHUSRUHV7KHSRUHZDWHUKHOGLQWKHSRUHVEHWZHHQWKHFOD\FOXVWHUVLVWKHEXONSRUH
ZDWHUZKLFKJLYHVULVHWRWKHFDSLOODU\SKHQRPHQRQLHPDWULFVXFWLRQLQWKHDEVHQFH

&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\

RIDWUXHVHPLSHUPHDEOHPHPEUDQH7KHUHIRUH7'5SUDFWLFDOO\PHDVXUHVPDWULFVXFWLRQ
LQVWHDGRIWRWDOVXFWLRQ
 6LPLODU WR7&67'5 UHTXLUHV VRLOZDWHU FKDUDFWHULVWLF FXUYH RI WKH VRLO WHVWHG WR
UHODWHWKHPHDVXUHGYROXPHWULFZDWHUFRQWHQWWRPDWULFVXFWLRQ<XDQG'UQHYLFK
LPSURYHGWKHWHFKQLTXHVXFKWKDWJUDYLPHWULFZDWHUFRQWHQWRIWKHVRLOVSHFLPHQFDQDOVR
EHPHDVXUHGZLWKRXW VHSDUDWHO\ WHVWLQJ WKH VRLO IRU GHWHUPLQLQJ LWV VSHFLILF JUDYLW\ DQG
GU\GHQVLW\:LWKWKLVLPSURYHPHQWILHOGPHDVXUHPHQWVRIJUDYLPHWULFZDWHUFRQWHQWFDQ
EHFDUULHGRXWLQDIDVWHUZD\7KHPHWKRGKDVUHFHQWO\EHHQDSSURYHGDQGVWDQGDUGLVHGLQ
$670' $670  7KH DGYDQWDJH RI WKH WHFKQLTXH LVPDLQO\ WKDW UHOLDEOH
PHDVXUHPHQWVRIYROXPHWULFZDWHUFRQWHQWFDQEHFRQGXFWHGZLWKLQDVKRUWWLPHGXUDWLRQ
%HQVRQ DQG %RVVFKHU  +RZHYHU WKH WHFKQLTXH UHTXLUHV D YHU\ VRSKLVWLFDWHG
HOHFWURQLFGHYLFHDQGWKHDFFXUDF\RI7'5IRUPHDVXULQJPDWULFVXFWLRQGHSHQGVRQWKH
SUHFLVHGHWHUPLQDWLRQRI6:&&RIWKHVRLOWHVWHG
,QFRQWDFWILOWHUSDSHUWHFKQLTXH
 )LOWHUSDSHUWHFKQLTXHZDVHVWDEOLVKHGIRUPHDVXULQJVRLOVXFWLRQE\VRLOVFLHQWLVWV
DQGDJURQRPLVWV HJ*DUGQHU)DZFHWW DQG&ROOLV*HRUJH$O.KDIDIDQG
+DQNV  +DPEOLQ  *UHDFHQ HW DO  DQG 'HND HW DO  ,Q
JHRWHFKQLFDO HQJLQHHULQJ ILHOGV PDQ\ UHVHDUFKHUV KDYH DOVR XVHG WKH WHFKQLTXH DV D
URXWLQHPHWKRG IRU VXFWLRQPHDVXUHPHQW HJ0F.HHQ  &KDQGOHU DQG*XWLHUH]
&KDQGOHUHWDO+RXVWRQHWDO)UHGOXQGHWDO5LGOH\DQG
/HRQJHWDO
 7KHLQFRQWDFWILOWHUSDSHUWHFKQLTXHLVXVHGIRUPHDVXULQJPDWULFVXFWLRQRIVRLOV
,Q WKH LQFRQWDFW ILOWHU SDSHU WHFKQLTXH ZDWHU FRQWHQW RI DQ LQLWLDOO\ GU\ ILOWHU SDSHU
LQFUHDVHVGXHWRDIORZRIZDWHULQOLTXLGIRUPIURPWKHVRLOWRWKHILOWHUSDSHUXQWLOERWK
FRPHLQWRHTXLOLEULXP7KHUHIRUHDJRRGFRQWDFWEHWZHHQWKHILOWHUSDSHUDQGWKHVRLOKDV
WREHHVWDEOLVKHG7KH LQFRQWDFW ILOWHUSDSHUPHWKRGEHFRPHV LQDFFXUDWH LQKLJKPDWULF
VXFWLRQ UDQJH VLQFH ZDWHU WUDQVSRUW LV GRPLQDWHG E\ YDSRXU WUDQVSRUW )UHGOXQG HW DO
7KHZDWHUFRQWHQWRIILOWHUSDSHULVFRQYHUWHGWRPDWULFVXFWLRQXVLQJDQLQFRQWDFW
ILOWHU SDSHU FDOLEUDWLRQ FXUYH 7KH FDOLEUDWLRQ FXUYH IRU WKH ILOWHU SDSHU PDWULF VXFWLRQ
PHDVXUHPHQW LVFRPPRQO\HVWDEOLVKHGXVLQJDSUHVVXUHSODWHDSSDUDWXV HJ$O.KDIDI
DQG+DQNV+DPEOLQ*UHDFHQHWDO'HNDHWDODQG/HRQJHW
DO /HRQJ HW DO  IRXQG WKDW WKH ILOWHU SDSHU WHFKQLTXH H[KLELWV K\VWHUHVLV
7KHUHIRUH WKHFDOLEUDWLRQFXUYHIRU LQLWLDOO\GU\ILOWHUSDSHU LVGLIIHUHQWIURPWKDWRI WKH
LQLWLDOO\ZHWILOWHUSDSHU,WLVDOVRLPSRUWDQWWRQRWHWKDWRQO\DVKOHVVILOWHUSDSHUVVKRXOG
EHXVHGLQWKHILOWHUSDSHUWHFKQLTXH$OWKRXJKWKHUHDUHDQXPEHURIDVKOHVVILOWHUSDSHUV
DYDLODEOH RQO\:KDWPDQ  DQG 6OHLFKHU DQG 6FKXHOO  RU 66  ILOWHU SDSHUV DUH
FRPPRQO\XVHG/HRQJHWDO

&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\

 ,QGLUHFW0HDVXUHPHQWRI2VPRWLF6XFWLRQ
 2VPRWLFVXFWLRQFDQEHPHDVXUHGXVLQJVHYHUDOLQGLUHFWPHWKRGV7KHILUVWPHWKRG
IRU PHDVXULQJ RVPRWLF VXFWLRQ LV FDOOHG VDWXUDWLRQ H[WUDFW PHWKRG ,Q WKH WHFKQLTXH
GLVWLOOHGZDWHULVDGGHGWRVOXUU\XSDVRLO7KHVRLOZDWHULVVXEVHTXHQWO\GUDLQHGRXWWR
PHDVXUH LWV HOHFWULFDO FRQGXFWLYLW\ 7KH HOHFWULFDO FRQGXFWLYLW\ RI WKH VRLO ZDWHU LV
FRQYHUWHG WR VXFWLRQ XVLQJ DQ RVPRWLF VXFWLRQHOHFWULFDO FRQGXFWLYLW\ FRQYHUVLRQ FXUYH
VXFK DV WKDW SURYLGHG E\86'$  ,Q WKH VHFRQGPHWKRG WKH VRLO SRUHZDWHU FDQ
DOVR EH H[WUDFWHG XVLQJ D SRUHIOXLG VTXHH]HU 7KH WHFKQLTXH LV FDOOHG VTXHH]LQJ
WHFKQLTXH7KHVTXHH]LQJWHFKQLTXHZDVXVHGE\DQXPEHURIUHVHDUFKHUVIRUPHDVXULQJ
RVPRWLF VXFWLRQRI VRLOV HJ.UDKQDQG)UHGOXQG ,\HU  DQG/HRQJHW DO
.UDKQDQG)UHGOXQGIRXQGWKDWGHVSLWHLWVVLPSOLFLW\WKHVDWXUDWLRQH[WUDFW
PHWKRGKDGDSRRUDFFXUDF\IRUGHWHUPLQLQJLQVLWXRVPRWLFVXFWLRQZKHUHDVWKHUHVXOWVRI
VTXHH]LQJWHFKQLTXHZHUHVHQVLWLYHWRWKHH[WUDFWLRQSUHVVXUHXVHG7KHGHWHUPLQDWLRQRI
RVPRWLF VXFWLRQE\PHDVXULQJ WKH HOHFWULFDO FRQGXFWLYLW\ LV JHQHUDOO\ DSSOLFDEOH IRU WKH
HQWLUHUDQJHRIRVPRWLFVXFWLRQ
 ,QGLUHFW0HDVXUHPHQWRI7RWDO6XFWLRQ
 9DULRXV WHFKQLTXHV KDYH EHHQ XVHG WR LQGLUHFWO\ PHDVXUH WRWDO VXFWLRQ RI VRLOV
$PRQJ WKH LQGLUHFW WRWDO VXFWLRQ PHDVXUHPHQW WHFKQLTXHV DUH QRQFRQWDFW ILOWHU SDSHU
PHWKRG SV\FKURPHWHU UHODWLYH KXPLGLW\ VHQVRU DQG FKLOOHGPLUURU K\JURPHWHU
WHFKQLTXH 7KH LQGLUHFW PHDVXUHPHQWV RI WRWDO VXFWLRQ UHTXLUH GHWHUPLQDWLRQ RI RWKHU
SDUDPHWHUV VXFK DV ZDWHU FRQWHQW LH LQ WKH QRQFRQWDFW ILOWHU SDSHU WHFKQLTXH GHZ
SRLQW LH LQ WKH SV\FKURPHWHU DQG UHODWLYH KXPLGLW\ DQG WHPSHUDWXUH LH LQ WKH
UHODWLYHKXPLGLW\VHQVRUDQGWKHFKLOOHGPLUURUK\JURPHWHUWHFKQLTXH
1RQ&RQWDFW)LOWHU3DSHU0HWKRG
 :KHQ D ILOWHU SDSHU LV SODFHG ZLWKRXW FRQWDFW ZLWK D VRLO VSHFLPHQ LQ D FORVHG
FRQWDLQHU WKH YDSRXU VSDFH DERYH WKH VRLO VSHFLPHQ DFWV DV D WUXH VHPLSHUPHDEOH
PHPEUDQHZKLFKLVRQO\SHUPHDEOHWRZDWHUYDSRXUEXWQRWWRLRQVIURPWKHSRUHZDWHU
7KHUHIRUHLQWKLVWHFKQLTXHWRWDOVXFWLRQLVPHDVXUHG7KHFDOLEUDWLRQFXUYHIRUWKHQRQ
FRQWDFW ILOWHU SDSHU WHFKQLTXH LV HVWDEOLVKHG XVLQJ YDSRXU HTXLOLEULXP WHFKQLTXH HJ
*DUGQHU)DZFHWWDQG&ROOLV*HRUJH$O.KDIDIDQG+DQNV&KDQGOHU
DQG*XWLHUH]+RXVWRQHWDODQG/HRQJHWDO:KLOH WKH LQFRQWDFW
ILOWHUSDSHUPHWKRGLVLQDFFXUDWHLQWKHKLJKPDWULFVXFWLRQUDQJHVHQVLWLYLW\RIWKHQRQ
FRQWDFWILOWHUSDSHUWHFKQLTXHGLPLQLVKHVDWORZWRWDOVXFWLRQ+RXVWRQHWDOIRXQG
WKDW WKHFDOLEUDWLRQFXUYHRI WKHQRQFRQWDFW ILOWHUSDSHU LVGLIIHUHQW IURPWKDWRI WKH LQ
FRQWDFW ILOWHU SDSHU7KLVSKHQRPHQRQ LV VLPLODU WR WKH ILQGLQJVRI/HRQJHW DO 
5LGOH\DQG:UD\  IRXQG WKDW WKHQRQFRQWDFW ILOWHUSDSHU WHFKQLTXH LV LQVHQVLWLYH
ZKHQXVHGIRUPHDVXULQJORZWRWDOVXFWLRQVGXHWRSRVVLEOHYDSRXUDQGWHPSHUDWXUHQRQ

&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\

HTXLOLEULXPGXULQJPHDVXUHPHQW*HQHUDOO\VLPLODUILOWHUSDSHUVDVXVHGLQWKHLQFRQWDFW
ILOWHUSDSHUWHFKQLTXHFDQEHXVHGLQWKHQRQFRQWDFWILOWHUSDSHUWHFKQLTXH%RWKWKHLQ
FRQWDFWDQGQRQFRQWDFWILOWHUSDSHUWHFKQLTXHVKDYHEHHQVWDQGDUGLVHGLQ$670'
$670
3V\FKURPHWHU7HFKQLTXH
 7KHUH DUH WZRPDLQ W\SHV RI SV\FKURPHWHUV QDPHO\ WKHUPRFRXSOH SV\FKURPHWHU
DQG WKHUPLVWRU RU WUDQVLVWRU SV\FKURPHWHU 7KH WKHUPRFRXSOH SV\FKURPHWHU ZDV ILUVW
LQWURGXFHGE\6SDQQHU7KHGHYLFHPDNHVXVHRI3HOWLHUDQG6HHEHFNHIIHFWV7KH
3HOWLHU HIIHFW LV D WHPSHUDWXUH GURS LQGXFHG E\ DQ HOHFWULFDO FXUUHQW SDVVLQJ DFURVV D
MXQFWLRQPDGHRI WZRGLIIHUHQWPHWDOZLUHVZKLFK LV D IXQFWLRQRI UHODWLYHKXPLGLW\RI
YDSRXU VSDFHZKHUHPHDVXUHPHQW LV FRQGXFWHG:KHQ WKH HOHFWULFDO FXUUHQW LV VWRSSHG
HYDSRUDWLRQRIZDWHU GURSOHWV WKDW KDYH FRQGHQVHG LQ WKH MXQFWLRQ HYDSRUDWHV FDXVLQJ D
IXUWKHU GURS LQ WHPSHUDWXUH 7KH GURS LQ WHPSHUDWXUH RI WKH MXQFWLRQ FDXVHV DQ
HOHFWURPRWLYH IRUFH ZKLFK LV D IXQFWLRQ RI UHODWLYH KXPLGLW\ RI WKH YDSRXU VSDFH 7KH
WKHUPLVWRUWUDQVLVWRU SV\FKURPHWHU ZDV GHYHORSHG E\ 5LFKDUGV  ,Q WKH
WKHUPLVWRUWUDQVLVWRUSV\FKURPHWHUWZRLGHQWLFDOWKHUPLVWRUVDUHXVHG$GURSRIZDWHULV
UHTXLUHGWREHSODFHGRQWRWKHILUVWWKHUPLVWRULHWKHZHWEXOEZKHUHDVWKHRWKHULH
WKHGU\EXOELVOHWGU\(YDSRUDWLRQWDNHVSODFHDVERWKEXOEVDUHH[SRVHGWRYDSRXUVSDFH
LQ WKH VRLO ZKLFK UHVXOWV LQ DQ HOHFWURPRWLYH IRUFH EHLQJ JHQHUDWHG )LJXUH D DQG
)LJXUH E VKRZ VFKHPDWLF GUDZLQJ RI WKH WKHUPRFRXSOH DQG WKHUPLVWRUWUDQVLVWRU
SV\KFURPHWHUVUHVSHFWLYHO\
2ULQJ
'U\WKHUPLVWRU
:HWWKHUPLVWRU
:DWHUGURSOHW
7HIORQSOXJ 6RLOVSHFLPHQ&RSSHU
HOHFWURGHV &XWWLQJHGJH
)LJXUH6FKHPDWLFGUDZLQJRIDWKHUPRFRXSOHSV\FK
WKHUPLVWRUWUDQVLVWRUSV\FKURPHWHU
3ODVWLFVHDO
&RQVWDQWDQ
ZLUH
&RSSHU
HOHFWURGHV
,QVXODWHGWXEH

3URWHFWLYH
ILOWHU
ED0HDVXULQJ
MXQFWLRQ
URPHWHUDQGE

&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\

 7KH SV\FKURPHWHU WHFKQLTXH KDV EHHQ ZLGHO\ XVHG E\ PDQ\ UHVHDUFKHUV HJ
5DZOLQV DQG 'DOWRQ  %URZQ  .UDKQ DQG )UHGOXQG  &DPSEHOO HW DO
+DPLOWRQ HW DO %URZQ DQG%DUWRV /HH DQG:UD\ =HUKRXQL
5LGOH\DQG:UD\+DUULVRQDQG%OLJKW7DQJHWDODQG7DQJHW
DO7KHUHDUHPDQ\SRVLWLYHDVSHFWVEXWIHZQHJDWLYHDVSHFWVDVVRFLDWHGZLWKWKH
DFFXUDF\RISV\FKURPHWHUVIRUPHDVXULQJWRWDOVXFWLRQ7KHSV\FKURPHWHUWHFKQLTXHFDQ
EH XVHG WR PHDVXUH WRWDO VXFWLRQ DV KLJK DV  N3D 7KH PHDVXUHPHQW RI ORZ WRWDO
VXFWLRQV LH ORZHU WKDQN3D XVLQJ WKLV WHFKQLTXH UHTXLUHV DQ DFFXUDWHPHDQV WR
PDLQWDLQWHPSHUDWXUHDWDFRQVWDQWYDOXH5LGOH\DQG:UD\QRWHGWKDWLQDFFXUDFLHV
RIWKHSV\FKURPHWHUWHFKQLTXHPD\EHFDXVHGE\WKHLQVHQVLWLYLW\RISV\FKURPHWHUGXHWR
WHPSHUDWXUH HIIHFWV2Q WKH RWKHU KDQG YDULDELOLW\ LQ WKH HOHFWURPRWLYH IRUFH JHQHUDWHG
LQGXFHV HUURU LQ KLJK VXFWLRQ UDQJH )XUWKHUPRUH WKHUH PD\ H[LVW D SRVVLELOLW\ RI
GHWHULRUDWLRQLQWKHVHQVLWLYLW\RISV\FKURPHWHUGXHWRFRUURVLRQSUREOHP+DPLOWRQ
DQG =HUKRXQL  8QOLNH WKH ILOWHU SDSHU PHWKRG QR UHSRUWV RI K\VWHUHVLV RI WKH
SV\FKURPHWHUWHFKQLTXHIRUWRWDOVXFWLRQPHDVXUHPHQWKDYHEHHQIRXQGLQOLWHUDWXUH
5HODWLYH+XPLGLW\6HQVRU
 7KH UHODWLYH KXPLGLW\ 5+ VHQVRU LV XVXDOO\ XVHG LQ PHWHRURORJLFDO ILHOGV IRU
PHDVXULQJ WKH GHZ SRLQW RI DLU0DQ\ W\SHV RI5+ VHQVRU DUH DYDLODEOH FRPPHUFLDOO\
([DPSOHV RI WKH5+ VHQVRUV DUH SURGXFWV RI9DLVDOD2\M 9DLVDOD  7KH UHODWLYH
KXPLGLW\5+DQGWHPSHUDWXUHRIYDSRXUVSDFHRIWKHVRLODUHPHDVXUHGDQGWRWDOVXFWLRQ
VWFDQEHFRPSXWHGXVLQJ.HOYLQ¶VODZ)UHGOXQGDQG5DKDUGMR
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ZKHUHVWLVWRWDOVXFWLRQLQN3D5JWKHXQLYHUVDOJDVFRQVWDQWLH-PRO.7WKH
DEVROXWH PHDVXUHG WHPSHUDWXUH LQ GHJUHHV .0Z WKH PROHFXODU ZHLJKW RI ZDWHU LH
NJNPROUZ WKHXQLWZHLJKWRIZDWHU LQNJPDVDIXQFWLRQRIWHPSHUDWXUHDQG
5+ LVWKHPHDVXUHGUHODWLYHKXPLGLW\LQSHUFHQWGHILQHGDVXYXYRZKHUHXY LV WKHSDUWLDO
SUHVVXUHRISRUHZDWHUYDSRXULQWKHVSHFLPHQDQGXYRLVWKHVDWXUDWLRQSUHVVXUHRIZDWHU
YDSRXURYHUDIODWVXUIDFHRIZDWHUDWWKHVDPHWHPSHUDWXUH
 3RO\PHU FDSDFLWDQFH WHFKQRORJ\ LV UHFHQWO\ XVHG LQ WKLV W\SH RI VHQVRUV DV WKH
WHFKQRORJ\SURYLGHVKLJK UHOLDELOLW\ WR WKH UHODWLYH KXPLGLW\PHDVXUHPHQW LQVLJQLILFDQW
K\VWHUHVLVDQGLQVHQVLWLYLW\WRWHPSHUDWXUHIOXFWXDWLRQZKHUHPHDVXUHPHQWLVFRQGXFWHG
:LHGHUKROG  DQG %HQVRQ DQG %RVVFKHU  $OEUHFKW HW DO  XVHG D
SRO\PHUFDSDFLWDQFHVHQVRUIRUPHDVXULQJUHODWLYHKXPLGLW\RIDQXPEHURIVRLOVUDQJLQJ
IURP VDQG WR FOD\ 7KH SRO\PHU FDSDFLWDQFH VHQVRU FRQVLVWV RI WZR HOHFWURGHV WKDW DUH
VHSDUDWHGE\DWKHUPRVHWSRO\PHUILOP'HSHQGLQJRQWKH5+YDOXHEHLQJPHDVXUHGWKH
ILOP DGVRUEV RU UHOHDVH ZDWHU 7KH 5+ YDOXH LV GHWHUPLQHG E\ PHDVXULQJ FKDQJLQJ

&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\

FDSDFLWDQFHRIWKHSRO\PHUILOP:LWKWKLVWHFKQRORJ\DUDSLGUHVSRQVHRIWKHVHQVRULQ
PHDVXULQJ UHODWLYH KXPLGLW\ LV REWDLQHG 7KH IROORZLQJ ILJXUH VKRZV WKH SRO\PHU
FDSDFLWDQFHVHQVRUXVHGE\$OEUHFKWHWDO

)LJXUH$SRO\PHUFDSDFLWDQFHUHODWLYHKXPLGLW\VHQVRU$OEUHFKWHWDO
&KLOOHG0LUURU+\JURPHWHU7HFKQLTXH
 &KLOOHGPLUURU K\JURPHWHU WHFKQLTXH ZDV ILUVW LQWURGXFHG WR PHDVXUH UHODWLYH
KXPLGLW\RIIRRGSURGXFWVHJ+DQGDQG=KDQJHWDODQGSKDUPDFHXWLFDOV
HJ$KOQHFNDQG=RJUDILDQG)ULHGHODQG&XQGHOO,WKDVEHHQXVHGLQVRLO
VFLHQFH WR TXDQWLI\ ZDWHU SRWHQWLDO RI VRLOV *HH HW DO  DQG %U\H  ,Q
JHRWHFKQLFDO HQJLQHHULQJ DSSOLFDWLRQV WKH WHFKQLTXH KDV EHHQ XVHG IRUPHDVXULQJ WRWDO
VXFWLRQ RI VRLOV /HRQJ HW DO  $OEUHFKW HW DO  DQG 6FKDQ] HW DO 
$OEUHFKWHWDOXVHGWKHFKLOOHGPLUURUK\JURPHWHUWRDVVHVVWKHSHUIRUPDQFHRID
SRO\PHUFDSDFLWDQFHVHQVRUIRUPHDVXULQJUHODWLYHKXPLGLW\RIVRLOV
7HPSHUDWXUH
VHQVRU
0LUURUDQG
SKRWRGHWHFWRUFHOO
)DQ
6HDOHG
FKDPEHU
6RLO
VSHFLPHQ

)LJXUH6FKHPDWLFGUDZLQJRIDFKLOOHGPLUURUK\JURPHWHUWHFKQLTXH

&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\

 7KHFKLOOHGPLUURUK\JURPHWHUDVVFKHPDWLFDOO\VKRZQLQ)LJXUHPHDVXUHVGHZ
SRLQWDQGWHPSHUDWXUHRIWKHKHDGVSDFHDERYHWKHVSHFLPHQ7KHVSHFLPHQLVFRQWDLQHGLQ
DVSHFLDOFORVHGFKDPEHU7KHGHZSRLQWLVPHDVXUHGXVLQJDPLUURUZKLFKFDQGHWHFWWKH
ILUVWDSSHDUDQFHRIFRQGHQVDWLRQRIZDWHUYDSRXU7HPSHUDWXUHRIWKHPLUURULVSUHFLVHO\
FRQWUROOHG E\ D WKHUPRHOHFWULF FRROHU$ OLJKW EHDPGLUHFWHG RQWR WKHPLUURU LV XVHG WR
GHWHFW WKH ILUVW DSSHDUDQFH RI ZDWHU YDSRXU FRQGHQVDWLRQ $ SKRWRGHWHFWRU FHOO LV
HPSOR\HG WRPHDVXUH WKH FKDQJH LQ UHIOHFWDQFH RI WKHPLUURU FDXVHG E\ WKH FRQGHQVHG
ZDWHU YDSRXU 7KH WHPSHUDWXUH RI VSHFLPHQ ZKLFK LV FRQVLGHUHG WR EH HTXDO WR WKH
WHPSHUDWXUH RI YDSRXU VSDFH LV PHDVXUHG YLD DQ LQIUDUHG WKHUPRFRXSOH 7KH UHODWLYH
KXPLGLW\RUWKHZDWHUDFWLYLW\RIWKHVSHFLPHQLVFRPSXWHGIURPWKHPHDVXUHGGHZSRLQW
DQGWHPSHUDWXUH7RVSHHGXSHTXLOLEUDWLRQWLPHDQLQWHUQDOIDQLVXVHGLQWKHGHYLFHWR
FLUFXODWH WKHZDWHUYDSRXU LQ WKHYDSRXUVSDFHDERYH WKHVSHFLPHQ/HRQJHWDO 
UHSRUWHG WKDW WKH WHFKQLTXHFRXOGEHXVHG WRTXDQWLI\ WRWDO VXFWLRQ DV ORZDV DERXW
N3D7KHYDOXH LVFRQVLGHUHGVPDOO LQ WKHFDVHRI ORZ WRWDO VXFWLRQPHDVXUHPHQWZKHUH
PXFK ODUJHU HUURU FDQ EH H[SHFWHG VHH 6XEFKDSWHU  %\ FRQVLGHULQJ WKH HUURU RI
WRWDO VXFWLRQPHDVXUHPHQW DQG WKHZD\RI KRZ WKH LVRWKHUPDO HTXLOLEULXPEHWZHHQ WKH
VSHFLPHQDQGWKHYDSRXUVSDFHLVPDLQWDLQHGWKHWHFKQLTXHLVFRQVLGHUHGWREHWKHPRVW
DFFXUDWHPHDQVIRUPHDVXULQJWRWDOVXFWLRQ
 6XFWLRQ0HDVXUHPHQW7HFKQLTXHVXVHGLQ7KLV6WXG\
 )RXU VXFWLRQ PHDVXUHPHQW WHFKQLTXHV QDPHO\ ILOWHU SDSHU WHFKQLTXH
SV\FKURPHWHU UHODWLYH KXPLGLW\ 5+ VHQVRU DQG FKLOOHGPLUURU K\JURPHWHU WHFKQLTXH
ZHUHXVHGLQWKLVVWXG\7KHILOWHUSDSHUWHFKQLTXHZDVXVHGEHFDXVHRILWVVLPSOLFLW\DQG
µFRVWOHVVQHVV¶ 7KH SV\FKURPHWHU WHFKQLTXH DQG WKH5+ VHQVRUZHUH XVHG EHFDXVH WKH
WZRPHWKRGVKDYHSRVVLELOLWLHVIRUILHOG WRWDOVXFWLRQPHDVXUHPHQWVLQFH WKHVHQVRUVDUH
VPDOODQGHDV\WRKDQGOH7KHFKLOOHGPLUURUK\JURPHWHUWHFKQLTXHZDVXVHGDVLWXVHVWKH
ODWHVW WHFKQRORJ\ IRUPHDVXULQJ WRWDO VXFWLRQ7KHPHWKRG LV FRQVLGHUHG WR EH WKHPRVW
DFFXUDWHPHWKRGRIWRWDOVXFWLRQPHDVXUHPHQWVHH&KDSWHU
 (UURUDQG$FFXUDF\LQ6XFWLRQ0HDVXUHPHQWV
 6LQFHJRRGFRQWDFWEHWZHHQILOWHUSDSHUDQGVRLOVSHFLPHQDIIHFWV WKHDFFXUDF\RI
PDWULFVXFWLRQPHDVXUHPHQWXVLQJWKHLQFRQWDFWILOWHUSDSHUWHFKQLTXHHUURULQWKHPDWULF
VXFWLRQPHDVXUHPHQWLVH[SHFWHGWREHOHVVLQWKHORZPDWULFVXFWLRQUDQJH$VWKHFRQWDFW
EHWZHHQ WKH ILOWHU SDSHU DQG WKH VRLO VSHFLPHQ GLPLQLVKHV LQ WKH KLJK PDWULF VXFWLRQ
UDQJH WKH DFFXUDF\ UHGXFHV )UHGOXQG HW DO  IRXQG WKDW PHDVXUHPHQW RI PDWULF
VXFWLRQ RQ D FRPSDFWHG WLOO XVLQJ WKH LQFRQWDFW ILOWHU SDSHU WHFKQLTXH UHVXOWHG LQ
LQDFFXUDWHYDOXHVDWPDWULFVXFWLRQVKLJKHUWKDQN3D0RUHRYHU WKHGHWHUPLQDWLRQRI
KLJK PDWULF VXFWLRQV HJ DERYH  N3D UHTXLUHV H[WUDSRODWLRQ RI WKH ILOWHU SDSHU
FDOLEUDWLRQ FXUYH VLQFH QR GDWD SRLQWV FRXOGEH REWDLQHG DW KLJKPDWULF VXFWLRQV GXH WR
OLPLWDWLRQRIWKHSUHVVXUHSODWHDSSDUDWXVXVHGIRUFDOLEUDWLRQ6LPLODUO\WKHQRQFRQWDFW

&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\

ILOWHUSDSHUFDOLEUDWLRQFXUYHQHHGVWREHH[WUDSRODWHGIRUORZWRWDOVXFWLRQPHDVXUHPHQW
7KHVHIDFWRUVUHVXOWLQLQDFFXUDFLHVLQWKHILOWHUSDSHUVXFWLRQPHDVXUHPHQWV
 $FFXUDF\ RI WHFKQLTXHV XVHG IRU PHDVXULQJ WRWDO VXFWLRQ GHSHQGV RQ KRZ DQ
LVRWKHUPDOHTXLOLEULXPEHWZHHQWKHVSHFLPHQWKHYDSRXUVSDFHDQGWKHVHQVRUXVHGFDQ
EH PDLQWDLQHG 7KH FKLOOHGPLUURU K\JURPHWHU WHFKQLTXH LV WKRXJKW WR KDYH WKH EHVW
DFFXUDF\VLQFH LWSURYLGHV WKHJUHDWHVWSRVVLELOLW\RIPDLQWDLQLQJ LVRWKHUPDOHTXLOLEULXP
EHWZHHQWKHVSHFLPHQDQGWKHYDSRXUVSDFH7KLVLVGXHWRWKHIDFWWKDWWKHVSHFLPHQXVHG
LVVPDOODQGWKHYDSRXUVSDFHLVDOVRPLQLPLVHG
 ,Q D FORVHG V\VWHP WKH DPRXQW RI ZDWHU YDSRXU LV FRQVWDQW DQG WKXV WKH SDUWLDO
SUHVVXUH RI ZDWHU YDSRXU XY LV DOVR FRQVWDQW $ GLIIHUHQFH LQ WHPSHUDWXUH RU D
WHPSHUDWXUHJUDGLHQWEHWZHHQ WKH VSHFLPHQDQG WKHYDSRXU VSDFH FDXVHVPRYHPHQWRI
ZDWHUUHVXOWLQJLQDFKDQJHLQWKHVDWXUDWHGZDWHUYDSRXUXYRZKLOHWKHFKDQJHLQXY LV
]HUR7KHPHDVXUHPHQWRIWRWDOVXFWLRQLVSHUIRUPHGE\PHDVXULQJWKH5+RIWKHYDSRXU
VSDFH$GLIIHUHQFH LQ WKH WRWDO VXFWLRQ IURP WKHDFWXDO WRWDO VXFWLRQRI WKH VSHFLPHQ LV
FRQVHTXHQWO\ PHDVXUHG $ FKDQJH LQ WKH WRWDO VXFWLRQ RU WKH HUURU LQ VXFWLRQ
PHDVXUHPHQWGXHWRDWHPSHUDWXUHJUDGLHQWFDQEHHVWLPDWHGE\WDNLQJWKHILUVWGHULYDWLYH
RI(TXDWLRQZLWKUHVSHFWWRWHPSHUDWXUH&URQH\HWDO
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 7KH FKDQJH LQ WRWDO VXFWLRQ RU WKH HUURU LQ WRWDO VXFWLRQ PHDVXUHPHQW GXH WR
GLIIHUHQWYDOXHVRIWHPSHUDWXUHJUDGLHQWLVVKRZQLQ)LJXUH,IWKHHUURULVOLPLWHGIRU
LQVWDQFHWRRIWKHPHDVXUHGYDOXHWKHPHDVXUHPHQWRIWRWDOVXFWLRQZLOOEHOLPLWHG
WRDYDOXHRIDERXWN3DDVVXPLQJWKDWDR&WHPSHUDWXUHJUDGLHQWH[LVWVEHWZHHQ
WKH VSHFLPHQ DQG WKH YDSRXU VSDFH 7KH WHPSHUDWXUH JUDGLHQW RI  R& FDQ OLNHO\ EH
PDLQWDLQHGLQDWHPSHUDWXUHFRQWUROOHGODERUDWRU\ZKHUHDVWKHGHWHUPLQDWLRQRIORZWRWDO
VXFWLRQVLQWKHILHOGE\PHDVXULQJUHODWLYHKXPLGLW\ZLOOPRVWOLNHO\UHVXOWLQLQDFFXUDWH
YDOXHVGXHWRWKHIXQGDPHQWDOOLPLWDWLRQVRIWKHWHFKQLTXHV7KHDFFXUDWHPHDVXUHPHQWRI
WRWDOVXFWLRQDVORZDVN3DZLWKHUURUUHTXLUHVDPHDQVWRFRQWUROWHPSHUDWXUH
ZLWKLQR&DFFRUGLQJWR(TXDWLRQDQG(TXDWLRQ


&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\
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FKDQJHLQVXFWLRQ
FKDQJHLQVXFWLRQ
FKDQJHLQVXFWLRQ

)LJXUH&KDQJHLQWRWDOVXFWLRQRUHUURULQWRWDOVXFWLRQPHDVXUHPHQWGXHWR
WHPSHUDWXUHJUDGLHQW
 6XFWLRQ&RQWURO7HFKQLTXHV
 9DULRXV ZD\V KDYH EHHQ DGRSWHG IRU FRQWUROOLQJ PDWULF RU WRWDO VXFWLRQ LQ VRLO
VSHFLPHQGXULQJXQVDWXUDWHGVRLOH[SHULPHQWV7KUHHPHWKRGVWKDWDUHFRPPRQO\XVHGIRU
WKH VXFWLRQ FRQWURO DUH GHVFULEHG LQ WKLV VXEFKDSWHU 7KH GHVFULSWLRQ LQFOXGHV D[LV
WUDQVODWLRQDQGRVPRWLFWHFKQLTXHVIRUWKHPDWULFVXFWLRQFRQWURODQGYDSRXUHTXLOLEULXP
WHFKQLTXHIRUWKHWRWDOVXFWLRQFRQWURO
 $[LV7UDQVODWLRQ7HFKQLTXH$77IRU0DWULF6XFWLRQ&RQWURO
 7KHD[LVWUDQVODWLRQWHFKQLTXH$77ZDVILUVWSURSRVHGE\+LOI7KHPDLQ
UHDVRQIRUWKHXVHRIWKLVWHFKQLTXHLVWRDYRLGFDYLWDWLRQZKHQFRQWUROOLQJPDWULFVXFWLRQ
JUHDWHUWKDQN3D,QWKLVWHFKQLTXHWKHSRUHZDWHUSUHVVXUHLQWKHVRLOLVLQFUHDVHGWR
D SRVLWLYH UHIHUHQFH JDXJH SUHVVXUH XZ 0DWULF VXFWLRQ LQ WKH VRLO LV DSSOLHG E\
LQFUHDVLQJ WKHSRUHDLU SUHVVXUH XD$KLJKDLU HQWU\ FHUDPLFGLVN LV QRUPDOO\XVHG WR
SURYLGH VHSDUDWLRQ EHWZHHQ ZDWHU DQG DLU SUHVVXUHV 7KHUHIRUH WKH PD[LPXP PDWULF
VXFWLRQWKDWFDQEHDSSOLHGXVLQJWKLVWHFKQLTXHLVOLPLWHGWRN3DLHWKHPD[LPXP
DLU HQWU\ YDOXH RI FHUDPLF GLVNV DYDLODEOH LQ WKH PDUNHW 7KH FHUDPLF GLVN LV QRW DQ
LPSHUPHDEOHPHPEUDQHWRGLVVROYHVDOWVRULRQVLQWKHVRLO7KHUHIRUHZDWHUIORZGXHWR
RVPRWLFHIIHFWVLVE\SDVVHGVLQFHLQWKLVFDVHWKHZDWHUIORZLVDQDGYHFWLYHSURFHVV

&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\

 7KHDSSOLFDELOLW\RI$77IRUPDWULFVXFWLRQFRQWUROLQYDULRXVXQVDWXUDWHGVRLOWHVWV
KDVEHHQSURYHGHJ*DQDQG)UHGOXQG+XDQJDQG)UHGOXQG$JXVHWDO
 DQG$JXVHW DO E7KH WHFKQLTXHZDV IRXQG WREH VXLWDEOH IRU VRLOVZLWK D
FRQWLQXRXVDLUSKDVH2OVRQDQG/DQJIHOGHUDQG%RFNLQJDQG)UHGOXQG7KH
XVHRI$77IRUDSSO\LQJKLJKPDWULFVXFWLRQWRDµFRPSUHVVLEOH¶DQGµTXDVLLPSHUPHDEOH¶
VRLO DWKLJKGHJUHHRI VDWXUDWLRQ LHZKHUHDLUSKDVH LQ WKH VRLO LVGLVFRQWLQXRXVPD\
LVRWURSLFDOO\ FRPSUHVV WKH VRLO 7KH HIIHFWV FDQ EH DYRLGHG E\ VORZO\ DQG VWHSZLVHO\
LQFUHDVLQJ WKH SRUHDLU SUHVVXUH VXFK WKDW WKH UHVSRQVH RI SRUHZDWHU SUHVVXUH WR WKH
LQFUHDVHGSRUHDLUSUHVVXUHWDNHVSODFHEHIRUHWKHVRLOSDUWLFOHVDUHFRPSUHVVHG0RQJLRYL
DQG7DUDQWLQRFRQILUPHGWKHDSSOLFDELOLW\RIWKH$77IRUWHVWLQJXQVDWXUDWHGVRLOV
ZLWK ORZ GHJUHH RI VDWXUDWLRQ 7KH $77 KDV EHHQ XVHG IRU FRQWUROOLQJ PDWULF VXFWLRQ
GXULQJXQVDWXUDWHGRHGRPHWHUWHVWHJ5RPHURHWDOWULD[LDOWHVWHJ:RQJHW
DOGLUHFWVKHDUWHVWHJ*DQDQG)UHGOXQGSHUPHDELOLW\WHVWHJ+XDQJ
HWDODQG$JXVHWDOD7KHWHFKQLTXHZDVDOVRXVHGLQWKHGHWHUPLQDWLRQRI
VRLOZDWHUFKDUDFWHULVWLFFXUYHVHJ$JXVHWDO:DQJDQG%HQVRQ/HRQJ
HWDODQG6FKDQ]HWDO
 7KHNH\IDFWRURIWKHDSSOLFDELOLW\RIWKLVPHWKRGIRUFRQWUROOLQJPDWULFVXFWLRQOLHV
RQWKHFRQWLQXLW\EHWZHHQZDWHUSKDVHLQWKHVRLOVSHFLPHQWHVWHGDQGWKDWLQWKHSRUHVRI
WKHFHUDPLFGLVNXVHG7KXVJRRGFRQWDFWEHWZHHQWKHVRLOVSHFLPHQDQGWKHFHUDPLFGLVN
PXVWEHZDUUDQWHGWKURXJKRXWWKHH[SHULPHQW&RQWLQXLW\RIZDWHUVXSSO\PD\GHWHUPLQH
WRDFHUWDLQH[WHQWWKHSHUIRUPDQFHRIWKLVWHFKQLTXHZKHQXVHGIRUZHWWLQJWHVWRQDVRLO
ZLWKDKLJKLQLWLDOVXFWLRQ7KHVRLOVSHFLPHQZLWKDKLJKLQLWLDOVXFWLRQZLOOGUDZDODUJH
DPRXQWRIZDWHUIURPWKHZDWHUUHVHUYRLUWKURXJKWKHFHUDPLFGLVN7KLVPD\LQGXFHDQ
LQVWDQWDQHRXV FDYLWDWLRQ RI WKH FHUDPLF GLVN 'HVDWXUDWLRQ RI WKH FHUDPLF GLVN SRVHV
DQRWKHUSUREOHPWRWKHDSSOLFDELOLW\RI$777KHFHUDPLFGLVNPXVWEHVDWXUDWHGSULRUWR
XVH ,QJHQHUDOGLVWLOOHGGHDLUHGZDWHUPXVWEHXVHG LQ WKH VDWXUDWLRQDVZHOO DVGXULQJ
H[SHULPHQW7KHVDWXUDWLRQRIFHUDPLFGLVNXVHGFDQEHHQVXUHGE\VXEMHFWLQJWKHFHUDPLF
GLVN WR D PDWULF VXFWLRQ DV KLJK DV LWV DLUHQWU\ YDOXH :KHQ QR UDSLG IORZ RI DLU LV
REVHUYHGWKHFHUDPLFGLVNLVVDWXUDWHG
 +RZHYHU HYHQZKHQ WKH FHUDPLF GLVN LV IXOO\ VDWXUDWHG DQG WKH GLVWLOOHG GHDLUHG
ZDWHULVXVHGWKURXJKRXWWKHWHVWDLUFDQVWLOOGLIIXVHWKURXJKZDWHULQWKHFHUDPLFGLVN
7KH UDWH RI DLU IORZ WKURXJKZDWHU LV GHVFULEHGE\)LFN¶V ODZ )UHGOXQG DQG5DKDUGMR
 4XDQWLILFDWLRQ RI WKH DPRXQW RI GLIIXVHG DLU LV LPSRUWDQW SDUWLFXODUO\ ZKHQ
PHDVXUHPHQWRIYROXPHWULFIORZRIZDWHULQWRDQGRXWRIWKHVRLOVSHFLPHQGXULQJWHVWLV
RI FRQFHUQ $ FRUUHFWLRQ WR DFFRXQW IRU WKH GLIIXVHG DLU LV UHTXLUHG LQ D SURORQJHG
XQVDWXUDWHGVRLOH[SHULPHQWVXFKDVLQXQVDWXUDWHGSHUPHDELOLW\WHVW+XDQJDQG)UHGOXQG
 :KHQ HTXLOLEULXP FRQGLWLRQV RI D VRLO VSHFLPHQ DW D FHUWDLQ PDWULF VXFWLRQ LV
MXGJHGEDVHGRQWKHVSHFLPHQPDVVLWLVQRWQHFHVVDU\WRTXDQWLI\WKHDPRXQWRIGLIIXVHG
DLU+RZHYHUWKHGLIIXVHGDLUFROOHFWHGLQWKHZDWHUSUHVVXUHOLQHDVDLUEXEEOHVOHQJWKHQV
WKHPDWULFVXFWLRQHTXLOLEUDWLRQWLPH&DYLWDWLRQPD\DOVRJURZDVDUHVXOWRIDQH[FHVVLYH

&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\

DFFXPXODWLRQRIDLUEXEEOHVEHQHDWKWKHFHUDPLFGLVN7KLVZLOOLQGXFHDORVVRIFRQWDFW
EHWZHHQ WKH VRLO VSHFLPHQ DQG WKH FHUDPLF GLVN 3HULRGLFDO IOXVKLQJ RI DLU EXEEOHV
EHQHDWK WKH FHUDPLFGLVN LVQHFHVVDU\ VXFK WKDW WKH FRQWLQXLW\RISRUHZDWHU LQ WKH VRLO
DQGZDWHULQWKHZDWHUSUHVVXUHOLQHFDQEHPDLQWDLQHG$GGLWLRQDOO\WKHDLUSUHVVXUHOLQH
VKRXOGEHFRQQHFWHGWRDQDLUVDWXUDWRUVXFKWKDW WKHUHODWLYHKXPLGLW\RI WKHDLUXVHGLV
KLJKHQRXJKWRPLQLPLVHHYDSRUDWLRQ
 3URFHGXUHV IRUPHDVXULQJ WKH UDWH RIGLIIXVLRQRI DLU WKURXJKZDWHU RU WKURXJK D
VDWXUDWHG FHUDPLFGLVN KDYHEHHQGHVFULEHG LQ)UHGOXQG DQG5DKDUGMR 5RPHUR
 UHSRUWHG WKDW WKHDLUGLIIXVLRQ UDWHYDULHG IDLUO\ZLWKDSSOLHGPDWULFVXFWLRQ7KH
FRHIILFLHQWRIGLIIXVLRQRIDEDUFHUDPLFGLVNZDVIRXQGWREHLQWKHUDQJHRIWR
PV DW R&7KH UDWH RI GLIIXVHG DLU DV SUHVHQWHG LQ)UHGOXQG DQG5DKDUGMR 
LQIHUV WKDW WKH UDWH RI DLU GLIIXVLRQ GXULQJ PDWULF VXFWLRQ HTXDOLVDWLRQ LV D IXQFWLRQ RI
DSSOLHGZDWHUSUHVVXUH7KHKLJKHULVWKHDSSOLHGZDWHUSUHVVXUHWKHORZHUZLOOEHWKHUDWH
RIDLUGLIIXVLRQ
 3UHVVXUHSODWHLVDQDSSDUDWXVIRUPHDVXULQJVRLOZDWHUFKDUDFWHULVWLFFXUYHWKDWXVHV
WKHD[LVWUDQVODWLRQSULQFLSOH )UHGOXQGDQG5DKDUGMR7KHPHWKRGZDVSURSRVHG
E\ 5LFKDUGV  ,Q JHQHUDO WKHUH DUH WZR PDLQ W\SHV RI SUHVVXUH SODWH DSSDUDWXV
QDPHO\SUHVVXUHSODWHDSSDUDWXVZLWKDIOH[LEOHEDVHDQGSUHVVXUHSODWHDSSDUDWXVZLWKD
IL[HGEDVH%RWKW\SHVRISUHVVXUHSODWHDSSDUDWXVFDQEHXVHGWRGHWHUPLQHGU\LQJDVZHOO
DVZHWWLQJ SDWKV RI VRLOV+RZHYHUZHWWLQJ FDQ EH GRQHPRUH HDVLO\ LQ WKH IL[HGEDVH
SUHVVXUH SODWH DSSDUDWXV FRPSDUHG WR WKH IOH[LEOHPHPEUDQH SUHVVXUH SODWH DSSDUDWXV
VLQFH IOXVKLQJ FDQ EH SHUIRUPHG LQ DPXFKEHWWHUZD\ /HRQJ HW DO 0RUHRYHU
VLQFHZDWHUSUHVVXUH LQ WKH IOH[LEOHEDVHSUHVVXUHSODWH LV DOZD\VPDLQWDLQHG WRDYDOXH
FORVHGWRWKHDWPRVSKHULFSUHVVXUHIOXVKLQJVKRXOGEHGRQHPRUHIUHTXHQWO\DVWKHV\VWHP
KDVWKHKLJKHVWUDWHRIDLUGLIIXVLRQWKURXJKWKHFHUDPLFGLVN
 2VPRWLF7HFKQLTXHIRU0DWULF6XFWLRQ&RQWURO
 7KHRVPRWLF WHFKQLTXH LVXVHGDVDQDOWHUQDWLYH WR WKH$77IRUFRQWUROOLQJPDWULF
VXFWLRQLQWKHVRLO7KHWHFKQLTXHZDVILUVWDGRSWHGE\VRLOVFLHQWLVW=XUDQGODWHU
LQJHRWHFKQLFDOHQJLQHHULQJILHOGE\.DVVLIIDQG%HQ6KDORP'HODJHHWDO
DQG&XLVLQLHUDQG0DVURXULRQRHGRPHWHUDSSDUDWXV&XLDQG'HODJHDQG
&XQQLQJKDP HW DO  XVHG WKH RVPRWLF WHFKQLTXH IRU FRQWUROOLQJPDWULF VXFWLRQ RI
VRLOVLQWULD[LDOWHVWV,QWKHRVPRWLFWHFKQLTXHZDWHUGUDLQDJHRIWKHVRLOVSHFLPHQWHVWHG
LVJHQHUDWHGE\RVPRVLVSURFHVVGXH WRDGLIIHUHQFH LQFRQFHQWUDWLRQEHWZHHQ WKHSRUH
ZDWHUDQGWKHVROXWLRQXVHG3RO\HWK\OHQHJO\FRO3(*VROXWLRQLVQRUPDOO\XVHGLQWKH
RVPRWLFWHFKQLTXH7KH3(*VROXWLRQLVFLUFXODWHGWKURXJKWKHWRSDQGERWWRPERXQGDULHV
RIWKHVRLOVSHFLPHQXVLQJDSXPS7KHWHFKQLTXHUHTXLUHVDVHPLSHUPHDEOHPHPEUDQH
ZKLFKVHSDUDWHVWKHSRUHZDWHUDQGWKH3(*VROXWLRQ7KHYDOXHRIPDWULFVXFWLRQDSSOLHG
GHSHQGVRQ WKH FRQFHQWUDWLRQRI3(*VROXWLRQXVHG7KH UHODWLRQVKLSEHWZHHQ WKH3(*

&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\

VROXWLRQ FRQFHQWUDWLRQ DQG WKH RVPRWLF SUHVVXUH LV XVHG WR FDOFXODWH WKH DSSOLHGPDWULF
VXFWLRQ &XL DQG 'HODJH  SURYHG WKH FRQWLQXLW\ EHWZHHQ RVPRWLF  DQG D[LV
WUDQVODWLRQWHFKQLTXHVZKHQXVHGIRUPDWULFVXFWLRQFRQWURO7KHDSSOLFDELOLW\RIRVPRWLF
WHFKQLTXHIRUFRQWUROOLQJPDWULFVXFWLRQDVKLJKDVN3DKDVEHHQSURYHGE\'HODJH
HWDO
 7KH GLIILFXOW\ DVVRFLDWHG ZLWK WKH RVPRWLF WHFKQLTXH LV WKDW LW UHTXLUHV D
VRSKLVWLFDWHGPHDQV IRU FLUFXODWLQJ WKH3(*VROXWLRQ DORQJERXQGDULHV RI WKH VSHFLPHQ
WHVWHG 7KH FRQFHQWUDWLRQ RI 3(* VROXWLRQ XVHG VKRXOG DOVR EH PRQLWRUHG GXULQJ
H[SHULPHQW'HODJHHWDOUHSRUWHGWKDWWKHXVHRIRVPRWLFWHFKQLTXHIRUFRQWUROOLQJ
KLJK PDWULF VXFWLRQ RU KLJK 3(* FRQFHQWUDWLRQ UHTXLUHG D VSHFLDO FDUH DV WKH 3(*
VROXWLRQZLWKDKLJKFRQFHQWUDWLRQKDVDKLJKYLVFRVLW\7KHHTXLOLEUDWLRQWLPHIRUVXFWLRQ
HTXDOLVDWLRQXVLQJWKLVPHWKRGLVTXLWHORQJDQGFDQEHORQJHUWKDQGD\V&XLVLQLHUDQG
0DVURXUL
 9DSRXU(TXLOLEULXP7HFKQLTXH9(7IRU7RWDO6XFWLRQ&RQWURO
 7KH OLPLWDWLRQ RI ERWK D[LVWUDQVODWLRQ DQG RVPRWLF WHFKQLTXHV IRU DSSO\LQJ KLJK
VXFWLRQWRWKHVRLOOHDGVWRWKHXVHRIYDSRXUHTXLOLEULXPWHFKQLTXH9(77KHWHFKQLTXH
KDVEHHQXVHGE\DQXPEHURIUHVHDUFKHUVIRUDSSO\LQJWRWDOVXFWLRQWRVRLOVSHFLPHQVLQ
XQVDWXUDWHG VRLO WHVWV HJ &URQH\ HW DO  $JXV HW DO  %ODW] HW DO 
&XLVLRQHUDQG0DVURXUL/ORUHWHWDODQG&XLVLQLHUDQG0DVURXUL7KH
9(7KDVEHHQXVHGIRUFRQWUROOLQJWRWDOVXFWLRQGXULQJXQVDWXUDWHGRHGRPHWHUWHVWHJ
&XLVLRQHU DQG0DVURXUL  /ORUHW HW DO  DQG &XLVLQLHU DQG0DVURXUL 
WULD[LDO WHVW HJ %ODW] DQG *UDKDP  DQG IRU WKH GHWHUPLQDWLRQ RI VRLOZDWHU
FKDUDFWHULVWLFFXUYHRIH[SDQVLYHVRLOV&URQH\HWDO$JXVHWDO%ODW]HWDO
 DQG 6FKDQ] HW DO  7KH WKHUPRG\QDPLF UHODWLRQVKLS EHWZHHQ WRWDO VXFWLRQ
DQGUHODWLYHKXPLGLW\5+RU.HOYLQ¶VODZ(TXDWLRQLVWKHEDVLFIRUPXODXVHGLQ
WKH9(77KHHTXLOLEULXPUHTXLUHPHQWVWDWHVWKDWWKHSRWHQWLDORIZDWHULQLWVOLTXLGLH
SRUHZDWHU DQG YDSRXU LHZDWHU YDSRXU LQ WKH SRUH VSDFH IRUPVPXVW EH WKH VDPH
7KHUHIRUHZDWHUH[FKDQJHEHWZHHQWKHVRLOSRUHZDWHUDQGWKHYDSRXUVSDFHLQFOXGHVWKH
HIIHFWRIFDSLOODU\DFWLRQVROXWHRVPRWLFVXFWLRQDQGVRUSWLYHIRUFHV7KLVLVEHFDXVHWKH
YDSRXUVSDFHLVHVVHQWLDOO\DWUXHVHPLSHUPHDEOHPHPEUDQHZKLFKLVRQO\SHUPHDEOHWR
ZDWHULQYDSRXUIRUPEXWQRWWRLRQVLQWKHVRLOZDWHU
 6DOW QRQYRODWLOH RU DFLGLF YRODWLOH VROXWLRQV FDQ EH XVHG WR FRQWURO5+ RI WKH
YDSRXUVSDFHRU WRWDOVXFWLRQ LQ WKHVRLO7KH5+YDOXHVJHQHUDWHGDERYHDTXHRXVVDOW
VROXWLRQV DW GLIIHUHQW WHPSHUDWXUHV FDQ EH REWDLQHG IURP *UHHQVSDQ  +RUYDWK
 /LGH DQG )UHGHULNVH  DQG $670 ( $670  /DQJ 
SURYLGHV D UHODWLRQVKLS EHWZHHQ WRWDO VXFWLRQ DQG PRODOLW\ RI VRGLXP FKORULGH 1D&O
VROXWLRQDWGLIIHUHQWWHPSHUDWXUHV7KH5+YDOXHVRYHUWKHVXUIDFHRIDFLGLFVROXWLRQVLH
VXOSKXULF DFLG RU+62 VROXWLRQV IRU GLIIHUHQW WHPSHUDWXUHV DUH DYDLODEOH LQ/LGH DQG

&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\

)UHGHULNVH'XHWRVDIHW\FRQFHUQWKHVDOWVROXWLRQVDUHSUHIHUUHGRYHUWKHDFLGLF
VROXWLRQV 7KH WRWDO VXFWLRQ FRUUHVSRQGLQJ WR D SDUWLFXODU 5+ YDOXH FDQ EH FDOFXODWHG
XVLQJ.HOYLQ¶VODZ(TXDWLRQ
 *HQHUDOO\WKH9(7FDQEHXVHGWRFRQWURODOPRVWWKHZKROHUDQJHRIWRWDOVXFWLRQ
+RZHYHU WKH XVH RI 9(7 IRU DSSO\LQJ WRWDO VXFWLRQ OHVV WKDQ  N3D VXIIHUV IURP
LQDFFXUDFLHVVLQFHWKHWHFKQLTXHLVH[WUHPHO\VHQVLWLYHWRWHPSHUDWXUHJUDGLHQWWKDWH[LVWV
EHWZHHQ WKH VDOW VROXWLRQ WKH YDSRXU VSDFH DQG WKH VRLO VSHFLPHQ $JXV DQG 6FKDQ]
D(TXDWLRQDQG(TXDWLRQFDQEHXVHGWRHVWLPDWHWKHPLQLPXPYDOXHRI
WRWDOVXFWLRQWKDWFDQEHFRQWUROOHGXVLQJWKHYDSRXUHTXLOLEULXPWHFKQLTXHE\DVVXPLQJ
WKDW WKH VRLO VSHFLPHQ WKH YDSRXU VSDFH DQG WKH VROXWLRQ XVHG DUH DW DQ LVRWKHUPDO
HTXLOLEULXP
 6XFWLRQ&RQWURO7HFKQLTXH8VHGLQ7KLV6WXG\
 6XFWLRQRIWKHVRLOVSHFLPHQVWHVWHGLQWKLVVWXG\ZDVFRQWUROOHGXVLQJWKH$77DQG
9(7 7KH RVPRWLF WHFKQLTXH IRU FRQWUROOLQJ PDWULF VXFWLRQ ZDV QRW XVHG GXH WR WKH
DERYHPHQWLRQHG GUDZEDFNV RI WKH WHFKQLTXH DQG WKH XQDYDLODELOLW\ RI UHTXLUHG
HTXLSPHQWV
 0HDVXUHPHQWRI6ZHOOLQJ3UHVVXUH
 6HYHUDO PHWKRGV IRU PHDVXULQJ VZHOOLQJ SUHVVXUH RI H[SDQVLYH VRLOV KDYH EHHQ
DGRSWHG E\ D QXPEHU RI UHVHDUFKHUV HJ.DVVLII DQG%HQ 6KDORP  %XFKHU XQG
6SLHJHO6ULGKDUDQHWDO6LW]*DWWHUPDQQ+HUEHUWDQG0RRJ
D DQG /ORUHW HW DO  7KH PHWKRGV DUH EURDGO\ FODVVLILHG LQWR WKUHH PDLQ
FDWHJRULHV QDPHO\ FRQVWDQW YROXPH VZHOOXQGHUORDG DQG VZHOOORDG PHWKRGV
6ULGKDUDQHWDO'LIIHUHQWPHWKRGVPHDVXUHGLIIHUHQWYDOXHVRIVZHOOLQJSUHVVXUH
)LJXUH
 &RQVWDQW9ROXPH0HWKRG
 ,Q WKH FRQVWDQW YROXPH PHWKRG VZHOOLQJ SUHVVXUH RI DQ H[SDQVLYH VRLO FDQ EH
GHWHUPLQHGE\VDWXUDWLQJWKHVSHFLPHQZLWKGLVWLOOHGZDWHURUZLWKRWKHUVROXWLRQVLQRQH
VWHS7KH WHVW LV UHIHUUHG WRDVRQHVWHSFRQVWDQWYROXPHVZHOOLQJSUHVVXUH &963 WHVW
9DULRXV WHFKQLTXHVKDYHEHHQ DGRSWHG IRU VDWXUDWLQJ VRLO VSHFLPHQV LQ WKH&963 WHVWV
$PRQJWKHVHWKHUHDUHDWOHDVWWKUHHPHWKRGVWKDWKDYHUHFHQWO\EHHQFLWHGLQOLWHUDWXUHV
QDPHO\KLJKZDWHU RU OLTXLGSUHVVXUHZDWHU IORRGLQJ DQGZDWHU FLUFXODWLRQPHWKRGV
'HYHORSPHQW RI µULJLG¶ FRQVWDQW YROXPH VZHOOLQJ SUHVVXUH FHOOV KDV HQDEOHG WKH
GHWHUPLQDWLRQRIVZHOOLQJSUHVVXUHXVLQJ WKHFRQVWDQWYROXPHPHWKRG WREHFRPHHDVLHU
7KHVRLOVSHFLPHQFDQDOVREHZHWWHGLQWKH&963WHVWE\GHFUHDVLQJLWVVXFWLRQLQVWHSV
6ZHOOLQJ SUHVVXUH GHYHORSPHQW ZLWK GHFUHDVLQJ VXFWLRQ FDQ EH PHDVXUHG XVLQJ WKLV
PHWKRG7KHPHWKRGLVUHIHUUHGWRDVPXOWLVWHSFRQVWDQWYROXPHVZHOOLQJSUHVVXUHWHVW

&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\


)LJXUH6ZHOOLQJSUHVVXUHVPHDVXUHGXVLQJGLIIHUHQWPHWKRGV
&RUUHFWLRQ WRDFFRXQWIRUVSHFLPHQ¶VGLVWXUEDQFHFDQEHDSSOLHG WR WKH&963WHVW
UHVXOWV 7R HVWDEOLVK WKH VSHFLPHQ¶V GLVWXUEDQFH FRUUHFWLRQ WKH VSHFLPHQ QHHGV WR EH
IXUWKHU ORDGHG DQG XQORDGHG LQ WKH VLPLODU ZD\ WR WKH SURFHGXUHV IRU REWDLQLQJ WKH
FRPSUHVVLRQ DQG UHERXQG FXUYHV RI WKH VSHFLPHQ )UHGOXQG DQG 5DKDUGMR  DQG
6KXDLDQG)UHGOXQG
2QH6WHS&RQVWDQW9ROXPH6ZHOOLQJ3UHVVXUH&9637HVWE\$SSO\LQJ+LJK
/LTXLG3UHVVXUH
 ,Q WKLV WHFKQLTXHKLJKZDWHU RU OLTXLGSUHVVXUH LVXVHG WRVDWXUDWH WKHVSHFLPHQ
7KHPHWKRGKDVEHHQXVHGE\%XFKHUXQG6SLHJHO6LW]DQG+HUEHUWDQG
0RRJ D 7KH WHVW UHTXLUHV D OLTXLG SXPS ZKLFK LV DEOH WR GHOLYHU KLJK OLTXLG
SUHVVXUHV WR WKHVSHFLPHQ6LW]XVHGD&963WHVWV\VWHPIRUPHDVXULQJVZHOOLQJ
SUHVVXUHVRIEHQWRQLWHVDQGEHQWRQLWHVDQGPL[WXUH)LJXUH7KHV\VWHPZDVVLPLODU
WRWKDWXVHGE\%XFKHUDQG6SLHJHOEXWLWZDVGHVLJQHGZLWKKLJKHUFHOOVWLIIQHVVWR
EH DEOH WR VXVWDLQ KLJKHU OLTXLG SUHVVXUHV DQG ZDVPDGH RI D PRUH FRUURVLYH UHVLVWDQW
PDWHULDO7KHV\VWHPHQDEOHGWKHVZHOOLQJSUHVVXUHRIVRLOVWREHGHWHUPLQHGZLWKUHVSHFW
WRGLIIHUHQWW\SHVRIOLTXLG$IWHUWKHSODFHPHQWRIVSHFLPHQLQWKHFHOODOLTXLGSUHVVXUH
DVKLJKDVN3DZDVDSSOLHGIURPWKHERWWRPRIWKHVSHFLPHQ7KHVSHFLPHQZDVOHWWR
UHDFKHTXLOLEULXPRIWRWDOSUHVVXUHVZHOOLQJDQGIOXLGSUHVVXUHVDVPHDVXUHGE\WKHORDG

&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\

FHOO7KHOLTXLGSUHVVXUHZDVVXEVHTXHQWO\LQFUHDVHGE\N3DDQGVLPLODUSURFHGXUHV
ZHUH UHSHDWHG7KH ILQDO DSSOLHG OLTXLGSUHVVXUHZDVN3D$ UHODWLRQVKLSEHWZHHQ
WKH PHDVXUHG WRWDO SUHVVXUH DQG WKH DSSOLHG OLTXLG SUHVVXUH ZDV REWDLQHG 6ZHOOLQJ
SUHVVXUH ZDV GHILQHG DV WKH WRWDO SUHVVXUH DW ]HUR OLTXLG SUHVVXUH 7KH YDOXH ZDV
H[WUDSRODWHGIURPWKHWRWDOYHUVXVOLTXLGSUHVVXUHVUHODWLRQVKLS
 $ GLVSODFHPHQW WUDQVGXFHU ZDV XVHG WR PHDVXUH SRVVLEOH YROXPH FKDQJH RI WKH
VSHFLPHQ GXULQJ VZHOOLQJ SUHVVXUH WHVW ,W ZDV DQWLFLSDWHG WKDW WKH XVH RI KLJK OLTXLG
SUHVVXUHVLQVRPHFDVHVKLJKHUWKDQWKHPHDVXUHGVZHOOLQJSUHVVXUHVPLJKWFKDQJHWKH
YROXPHRIVSHFLPHQ$FRUUHFWLRQIDFWRUZDVDSSOLHGWRFDOFXODWHWKHUHGXFHGGU\GHQVLW\
RI WKHVSHFLPHQE\WDNLQJLQWRDFFRXQW WKHVSHFLPHQGHIRUPDWLRQDW WKHHQGRI WKH WHVW
7KHV\VWHPZDVDEOHWRPHDVXUHVZHOOLQJSUHVVXUHRIFRPSDFWHGEHQWRQLWHDQGEHQWRQLWH
VDQGPL[WXUHV LHDWDPD[LPXPGU\GHQVLW\RI0JPDVKLJKDVDERXWN3D
7KHPDLQGUDZEDFNRIWKHVZHOOLQJSUHVVXUHPHDVXUHPHQWWHFKQLTXHE\6LW]LVLWV
ORQJ WHVW GXUDWLRQ2QH FRPSOHWH WHVW RQ RQH VSHFLPHQ UHTXLUHGPRQWKV WR DOPRVW RQH
\HDU 7KHUHIRUH WKH UHSURGXFLEOH RI WKH UHVXOWV FRXOG QRW EH SURYHG VLQFH QRW PDQ\
VSHFLPHQVFRXOGEHWHVWHG

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HG/LTXLGRXWOHW&RQVWDQWYROXPHVZHOOLQJSUHVVXUHFHOODQGWKHV\VWHPX
EHUW DQG 0RRJ D GHYHORSHG D QHZ DSSDUDWXV IRU
I H[SDQVLYH VRLOV )LJXUH 7KH V\VWHP DOVR XVHG KLJK
WHURURWKHUOLTXLGVWRWKHVSHFLPHQ7KHVSHFLPHQZDVF
QJ SUHVVXUH FHOO:DWHU RU RWKHU OLTXLGZDV LQILOWUDWHG LQW
XVLQJDKLJKSUHVVXUHOLTXLGFKURPDWRJUDSK\+3/&SXPS
 DV WKH H[SDQVLYH VRLO WHVWHG VZHOOHG LQWHUQDOO\ LH WKH6SLQGHO6ROXWLRQVHGE\
PHDVX
 OLTXL
RPSDF
R WKH
7KHO
 VHOIV3HUPHDLWURJHQJDVEDU6LW]
ULQJ VZHOOLQJ
G SUHVVXUHV WR
WHGGLUHFWO\LQ
VSHFLPHQ DW D
LTXLGSUHVVXUH
HDOLQJ HIIHFW
&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\

GXULQJ H[SHULPHQW 7KH LQWHUQDO VZHOOLQJ FDXVHV D UHGXFWLRQ LQ SRUH YROXPH RI WKH
VSHFLPHQ7KHLQILOWUDWLRQZDVWHUPLQDWHGDWDPD[LPXPOLTXLGSUHVVXUHRIN3D
LHWKHOLTXLGSUHVVXUHH[SHFWHGWRRFFXULQWKHILHOG7KHKLJKOLTXLGSUHVVXUHFRXOGEH
UHDFKHGLQDERXWIRXUGD\V7KHOLTXLGSUHVVXUHZDVVXEVHTXHQWO\UHGXFHGWR]HURDQGWKH
SUHVVXUHPHDVXUHGE\WKHORDGFHOODW WKHHQGRIWKHWHVWZDVGHHPHGWREHWKHVZHOOLQJ
SUHVVXUH RI WKH VSHFLPHQ 7KH V\VWHP ZDV DEOH WR PHDVXUH VZHOOLQJ SUHVVXUH RI
FRPSDFWHG EHQWRQLWH DQG EHQWRQLWHVDQGPL[WXUHV LH DW DPD[LPXPGU\ GHQVLW\ RI 
0JPDVKLJKDVN3DZLWKGLIIHUHQWW\SHVRIVROXWLRQ
)LJXUH6FKHPDWLFGLDJUDPRIFRQVWDQWYROXPHVZHOOLQJSUHVVXUHFHOODQGWKHV\VWHP
XVHGE\+HUEHUWDQG0RRJD
 7KH DPRXQW RI ZDWHU RU RWKHU OLTXLGV HQWHULQJ WKH VSHFLPHQ GXULQJ VZHOOLQJ
SUHVVXUHPHDVXUHPHQWFDQEHTXDQWLILHG LQDEHWWHUZD\XVLQJ WKHV\VWHPGHYHORSHGE\
+HUEHUW DQG0RRJ D FRPSDUHG WR WKDW XVHG E\ 6LW]  7KLV LV EHFDXVH WKH
V\VWHP PHDVXUHG WKH DPRXQW RI OLTXLG LQ ERWK WKH LQIOXHQW DQG HIIOXHQW HQGV RI WKH
VSHFLPHQ7KHOLTXLGXSWDNHFRXOGEHFRPSXWHGE\VXEWUDFWLQJWKHOLTXLGLQSXWZLWKWKH
OLTXLG RXWSXW 7KHUHIRUH WKH VSHFLPHQ FRQGLWLRQV GXULQJ DQG DW WKH HQG RI WKH
PHDVXUHPHQWFRXOGEHLGHQWLILHGPRUHSUHFLVHO\
2QH6WHS&RQVWDQW9ROXPH6ZHOOLQJ3UHVVXUH&9637HVWXVLQJ:DWHU
)ORRGLQJ0HWKRG
 :DWHU IORRGLQJ PHWKRG LV FRPPRQO\ XVHG LQ WKH VZHOOLQJ SUHVVXUH WHVW RQ DQ
RHGRPHWHUDSSDUDWXV,QWKLVPHWKRGWKHVDWXUDWLRQRIVRLOVSHFLPHQWHVWHGFDQEHUHDFKHG
PRUH SRVVLEO\ FRPSDUHG WR WKH VZHOOLQJ SUHVVXUH WHVW XVLQJ KLJK OLTXLG SUHVVXUHV 7KH

&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\

VSHFLPHQ LV DOORZHG WR VZHOO LQ GLVWLOOHGZDWHU RU RWKHU VROXWLRQV DQG WKH VZHOOLQJ LV
FRQWUROOHG WR D ]HUR YDOXH E\ DGGLWLRQ RI ORDGV 6ULGKDUDQ HW DO  7KH ORDG LV
DGGHGIXUWKHUWRUHDFKDFHUWDLQYDOXHZKHUHQRIXUWKHUVZHOOLQJLVREVHUYHG7KHORDGDW
WKHHQGRIWHVWFRUUHVSRQGVWRWKHVZHOOLQJSUHVVXUHRIWKHVSHFLPHQWHVWHG
 *DWWHUPDQQ  UHFHQWO\ XVHG WKHZDWHU IORRGLQJPHWKRG WRPHDVXUH VZHOOLQJ
SUHVVXUHRIKLJKO\FRPSDFWHGVSHFLPHQVRIWZREHQWRQLWHV7KHDSSDUDWXVXVHGLVVKRZQ
LQ)LJXUH7ZRGLIIHUHQWW\SHVRIVSHFLPHQVZHUHWHVWHGLQWKHLQYHVWLJDWLRQ7KHILUVW
W\SHRIVSHFLPHQZDVPRQROLWKF\OLQGULFDOVSHFLPHQV7KHVHFRQGW\SHRIVSHFLPHQZDV
F\OLQGULFDOVSHFLPHQVZLWKFROXPQVZLWKGLIIHUHQWVL]HVWKDWZHUHFXWLQWKHVSHFLPHQWR
DOORZGHIRUPDWLRQWRRFFXU6SHFLPHQVZLWKDPD[LPXPGU\GHQVLW\RI0JPZHUH
WHVWHG

)LJXUH6FKHPDWLFGLDJUDPRIVZHOOLQJSUHVVXUHDSSDUDWXVXVLQJZDWHUIORRGLQJ
PHWKRGE\*DWWHUPDQQ
 $V DQ DOWHUQDWLYH WKH VZHOOLQJ RI WKH VRLO VSHFLPHQ GXULQJ ZHWWLQJ FDQ DOVR EH
UHVWUDLQHG DQG D ORDG FHOO FDQ EH XVHG WR PHDVXUH VZHOOLQJ SUHVVXUH 7KH HTXLSPHQW
UHTXLUHGIRUWKLVWHFKQLTXHPD\EHLQDVLPLODUIRUPWRWKDWXVHGE\%XFKHUDQG6SLHJHO
6LW]DQG+HUEHUWDQG0RRJD
2QH6WHS&RQVWDQW9ROXPH6ZHOOLQJ3UHVVXUH&9637HVWXVLQJ:DWHU
&LUFXODWLRQ0HWKRG
 ,QWKLVPHWKRGZDWHULVFLUFXODWHGWKURXJKWKHWRSDQGERWWRPERXQGDULHVRIWKHVRLO
VSHFLPHQWHVWHG:DWHULVDEVRUEHGE\WKHVRLOVSHFLPHQDVDUHVXOWRIZDWHUSRWHQWLDORU
VXFWLRQJUDGLHQWEHWZHHQ WKHGLVWLOOHGZDWHUVXSSOLHGDQG WKHVRLOVSHFLPHQ WHVWHG7KH
PHWKRGLVDGYDQWDJHRXVZKHQXVHGIRUWHVWLQJDVRLOVSHFLPHQZLWKDKLJKLQLWLDOVXFWLRQ
EXWDOVRZLWKDKLJKLQLWLDOGHJUHHRIVDWXUDWLRQ0RUHRYHUWKHVZHOOLQJSUHVVXUHWHVWXVLQJ

&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\

WKLVPHWKRGFDQEHSHUIRUPHGDORQJZLWKWKHPXOWLVWHSVZHOOLQJSUHVVXUHWHVWZKHUHWKH
GHYHORSPHQW RI VZHOOLQJ SUHVVXUHZLWK GHFUHDVLQJ VXFWLRQ LV LQYHVWLJDWHG VHH WKH QH[W
VXEFKDSWHU
0XOWL6WHS&RQVWDQW9ROXPH6ZHOOLQJ3UHVVXUH&9637HVW
 7KH PXOWLVWHS &963 WHVW LV SHUIRUPHG LQ DWWHPSW WR VWXG\ WKH GHYHORSPHQW RI
VZHOOLQJSUHVVXUHZLWKGHFUHDVLQJVXFWLRQ7KHWHVWFDQEHFRPELQHGZLWKWKHXVHRID[LV
WUDQVODWLRQ WHFKQLTXH $77 5RPHUR HW DO  DQG YDSRXU HTXLOLEULXP WHFKQLTXH
9(7/ORUHWHWDOWRGHFUHDVHVXFWLRQRIWKHVRLOVSHFLPHQWHVWHG5RPHURHWDO
PHDVXUHGVZHOOLQJSUHVVXUHRI%RRPFOD\E\GHFUHDVLQJVXFWLRQRIWKHVSHFLPHQ
XVLQJ WKH $77 7KH WHVW ZDV SHUIRUPHG LQ D PRGLILHG RHGRPHWHU FHOO ZKHUH VZHOOLQJ
SUHVVXUHVLQERWKWKHYHUWLFDODQGUDGLDOGLUHFWLRQVFRXOGEHPHDVXUHG)LJXUH7KH
HTXLSPHQWXVHGE\/ORUHWHWDOIRUPHDVXULQJVZHOOLQJSUHVVXUHXVLQJWKH9(7LV
VKRZQLQ)LJXUH7KHV\VWHPZDVDPRGLILFDWLRQRIDVWDQGDUGRHGRPHWHUDSSDUDWXV
ZLWKDIL[HGOHYHUDUPZKLFKZDVHTXLSSHGZLWKDORDGFHOOWRPHDVXUHVZHOOLQJSUHVVXUH
,Q WKH WHVWV E\ /ORUHW HW DO  ZDWHU YDSRXU JHQHUDWHG DERYH VDOW VROXWLRQ ZDV
FLUFXODWHGWKURXJKWKHWRSDQGERWWRPERXQGDULHVRIWKHVSHFLPHQXVLQJDQDLUSXPS7KH
FLUFXODWLRQRIZDWHUYDSRXUVSHHGHGXSWKHHTXLOLEUDWLRQWLPH

)LJXUH6FKHPDWLFGUDZLQJRIVZHOOLQJSUHVVXUHWHVWVHWXSXVLQJPXOWLVWHSPHWKRG
DQGD[LVWUDQVODWLRQWHFKQLTXH5RPHURHWDO


&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\


)LJXUH6FKHPDWLFGUDZLQJRIVZHOOLQJSUHVVXUHWHVWVHWXSXVLQJPXOWLVWHSPHWKRG
DQGYDSRXUHTXLOLEULXPWHFKQLTXH/ORUHWHWDO
 6ZHOO8QGHU/RDG68/0HWKRG
 7KHVZHOOXQGHUORDG68/PHWKRGLVDOVRUHIHUUHGWRDVDPHWKRGRIHTXLOLEULXP
YRLG UDWLRV IRU GLIIHUHQW FRQVROLGDWLRQ SUHVVXUHV 6ULGKDUDQ HW DO  6HYHUDO
µLGHQWLFDO¶ VSHFLPHQVDUH ORDGHGDWGLIIHUHQWYHUWLFDO ORDGV LQRHGRPHWHUFHOOV$IWHU WKH
HTXLOLEULXPRIHDFKVRLOVSHFLPHQXQGHUWKHFRUUHVSRQGLQJYHUWLFDOORDGKDVEHHQUHDFKHG
ZDWHULVDGGHGWRWKHFHOOVWRIORRGWKHVRLOVSHFLPHQV7KHVSHFLPHQVDUHDOORZHGWRVZHOO
RU FROODSVH XQGHU WKH FRUUHVSRQGLQJ YHUWLFDO ORDGV1HZ HTXLOLEULXP YRLG UDWLRV RI WKH
VSHFLPHQVZLOO EH UHDFKHG 7KH HTXLOLEULXP YRLG UDWLR YHUVXV DSSOLHG YHUWLFDO VWUHVV RI
GLIIHUHQW VRLO VSHFLPHQV WHVWHGZLOO IRUP D FXUYH QRUPDOO\ D VWUDLJKW OLQH RQ D VHPL
ORJDULWKPLFSORW7KHOLQHLQWHUVHFWVWKHKRUL]RQWDOOLQHGUDZQWKURXJKWKHDYHUDJHLQLWLDO
YRLGUDWLRRUWKH]HURYROXPHFKDQJHDWDFHUWDLQSRLQWLHSRLQW3VLQ)LJXUH7KH
YHUWLFDOSUHVVXUHFRUUHVSRQGLQJWRWKLVSRLQWLVFDOOHGVZHOOLQJSUHVVXUHGHWHUPLQHGIURP
WKHVZHOOXQGHUORDGPHWKRG
 6ZHOO/RDG6/0HWKRG
 7KH VZHOOORDG 6/ PHWKRG IRU GHWHUPLQLQJ VZHOOLQJ SUHVVXUH LV QRUPDOO\
SHUIRUPHG DORQJ ZLWK WKH FRQYHQWLRQDO RHGRPHWHU WHVW $ VRLO VSHFLPHQ LV DOORZHG WR
VZHOOXVXDOO\XQGHUDVHDWLQJORDGRIDSSUR[LPDWHO\N3D$IWHUWKHVZHOOLQJKDVUHDFKHG
LWVHTXLOLEULXPYDOXHWKHVRLOVSHFLPHQLVVXEVHTXHQWO\ORDGHGDQGXQORDGHGWRGHWHUPLQH
LWV FRPSUHVVLRQ DQG UHERXQG FXUYHV )LJXUH 7KH FRPSUHVVLRQ FXUYH LQWHUVHFWV WKH
KRUL]RQWDO OLQHGUDZQWKURXJKWKHLQLWLDOYRLGUDWLRRU WKH]HURYROXPHFKDQJHDWSRLQW
3V LQ )LJXUH  ZKLFK VLJQLILHV WKH VZHOOLQJ SUHVVXUH PHDVXUHG E\ WKH VZHOOORDG
PHWKRG

&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\

 6ZHOOLQJ3UHVVXUH7HVW0HWKRGV8VHGLQ7KLV6WXG\
 ,QWKLVVWXG\WKHWKUHHPHWKRGVRIVZHOOLQJSUHVVXUHPHDVXUHPHQWZHUHSHUIRUPHG
7KHRQHVWHSZDWHUFLUFXODWLRQPHWKRGZDVDGRSWHGWRVDWXUDWHVSHFLPHQVIRUPHDVXULQJ
VZHOOLQJSUHVVXUHXQGHUFRQVWDQWYROXPHFRQGLWLRQV7KHPXOWLVWHSPHWKRGZDVDOVRXVHG
WRVWXG\WKHGHYHORSPHQWRIVZHOOLQJSUHVVXUHZLWKGHFUHDVLQJVXFWLRQ7KHPHWKRGZDV
FRPELQHGZLWKWKH$77DQG9(7IRUDSSO\LQJVXFWLRQWRWKHVRLOVSHFLPHQV
 &RQWUROOHG6XFWLRQ2HGRPHWHU7HVW
 2RGRPHWHUWHVWVFDQEHSHUIRUPHGQRWRQO\RQVDWXUDWHGEXWDOVRRQXQVDWXUDWHGVRLO
VSHFLPHQV7KHRHGRPHWHUWHVWVRQVSHFLPHQVXQGHUXQVDWXUDWHGFRQGLWLRQVDUHQRUPDOO\
FDUULHGRXWWRLQYHVWLJDWHWKHHIIHFWRIVXFWLRQRQFRPSUHVVLRQDQGUHERXQGFKDUDFWHULVWLFV
RI WKH VRLO &RQWUROOHGVXFWLRQ RHGRPHWHU WHVWV KDYH EHHQ SHUIRUPHG E\ D QXPEHU RI
UHVHDUFKHUV HJ .DVVLII DQG %HQ 6KDORP  5RPHUR HW DO  &XLVLRQHU DQG
0DVURXUL  5RPHUR HW DO  /ORUHW HW DO  DQG &XLVLQLHU DQG0DVURXUL
5RPHURHWDO  WHVWHGVHYHUDOH[SDQVLYHVRLOVSHFLPHQVDWGLIIHUHQWVXFWLRQ
YDOXHVXVLQJWKHD[LVWUDQVODWLRQWHFKQLTXH$77)LJXUH7KHWHVWZDVFRQGXFWHG
WR LQYHVWLJDWH VXFWLRQ HIIHFWV RQ WKH FRPSUHVVLRQ DQG UHERXQG EHKDYLRXU RI FRPSDFWHG
%RRPFOD\VSHFLPHQVXQGHUQRQLVRWKHUPDOFRQGLWLRQV,WZDVUHSRUWHGWKDWDQH[FHVVLYH
HYDSRUDWLRQRFFXUUHGZKHQWHVWLQJDVSHFLPHQDWR&LQGXFLQJGLIILFXOWLHVLQDFKLHYLQJ
PDWULFVXFWLRQHTXLOLEULXPFRQGLWLRQVRIWKHVSHFLPHQ7KHH[FHVVLYHHYDSRUDWLRQLVDOVR
WKRXJKW WR LQWURGXFH VHYHUH SUREOHPV ZKHQ GU\ DLU LV XVHG LQ WKH $77 DV KDV EHHQ
DGGUHVVHGEHIRUHVHH6XEFKDSWHU6LQFH LQ WKHFRQWUROOHGVXFWLRQRHGRPHWHU WHVWV
XVLQJWKH$77HTXLOLEULXPLVQRUPDOO\GHHPHGEDVHGRQWKHYROXPHWULFPHDVXUHPHQWRI
ZDWHU LQIORZDQGRXWIORZ WKHGHFUHDVH LQZDWHUFRQWHQW RUGHJUHHRIVDWXUDWLRQRI WKH
VSHFLPHQGXULQJHTXDOLVDWLRQZLOOEHXQGHUHVWLPDWHGVLQFHZDWHUDOVRPRYHVLQLWVYDSRXU
IRUPWKURXJKHYDSRUDWLRQ
 .DVVLII DQG %HQ 6KDORP  DQG &XLVLQLHU DQG 0DVURXUL  XVHG WKH
RVPRWLF WHFKQLTXHIRUFRQWUROOLQJPDWULFVXFWLRQRI WKHVSHFLPHQGXULQJRHGRPHWHU WHVW
$VPHQWLRQHGLQ6XEFKDSWHU WKHSUREOHPDVVRFLDWHGZLWKWKLVWHFKQLTXHLVPDLQO\
WKHFLUFXODWLRQRI3(*VROXWLRQXVHGWKURXJKERXQGDULHVRIWKHVSHFLPHQDQGWKHFRQWURO
RI3(*FRQFHQWUDWLRQZKLFKDOWHUVGXULQJH[SHULPHQW/ORUHWHWDODQG&XLVLQLHU
DQG 0DVURXUL  XVHG WKH YDSRXU HTXLOLEULXP WHFKQLTXH 9(7 IRU WRWDO VXFWLRQ
FRQWUROGXULQJRHGRPHWHUWHVW7KHSUREOHPZLWK9(7IRUWRWDOVXFWLRQFRQWUROKDVEHHQ
GHVFULEHGLQ6XEFKDSWHUZKHUHWKHXVHRIWKLVWHFKQLTXHVKRXOGEHOLPLWHGWR
N3DWRWDOVXFWLRQ$JXVDQG6FKDQ]D&XLVLQLHUDQG0DVURXULUHFRPPHQGHG
WKDWWKHXVHRI9(7EHOLPLWHGWRDORZHUWRWDOVXFWLRQRIN3DGXHWRLQFRQVLVWHQF\
RIWKHWHFKQLTXHIRUDSSO\LQJWRWDOVXFWLRQORZHUWKDQWKDWYDOXH

&KDSWHU/LWHUDWXUHUHYLHZRQH[SHULPHQWDOWHFKQLTXHVUHOHYDQWWRWKLVVWXG\


)LJXUH&RQWUROOHGVXFWLRQRHGRPHWHUWHVWV\VWHPXVLQJD[LVWUDQVODWLRQWHFKQLTXH
5RPHURHWDO

)LJXUH2HGRPHWHUFHOOZLWKYDSRXUHTXLOLEULXPWHFKQLTXH/ORUHWHWDO
 ,Q WKLV VWXG\ RHGRPHWHU WHVWV ZHUH SHUIRUPHG XVLQJ ERWK WKH $77 DQG9(7 IRU
DSSO\LQJ PDWULF DQG WRWDO VXFWLRQ UHVSHFWLYHO\ 7KH WHVWV KDYH EHHQ QDPHG DV
FRPSUHVVLRQUHERXQG&5WHVWVWKURXJKRXWWKHGLVVHUWDWLRQVHH&KDSWHU


&KDSWHU0DWHULDOVXVHGDQGH[SHULPHQWDOSURJUDP

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 *HQHUDO
 7KLV FKDSWHU GLVFXVVHV EDVLF FKDUDFWHULVDWLRQ RI WKHPDWHULDOV WKDW ZHUH XVHG DQG
H[SHULPHQWV WKDW ZHUH SHUIRUPHG LQ WKH LQYHVWLJDWLRQ 6HYHUDO EDVLF SURSHUWLHV RI WKH
PDWHULDOVXVHGZHUHREWDLQHGWKURXJKH[SHULPHQWVDQGVHYHUDORWKHUVDUHFROOHFWHGIURP
OLWHUDWXUHV 7KH H[SHULPHQWV SHUIRUPHG LQ WKLV VWXG\ ZHUH SODQQHG EDVHG RQ VHYHUDO
SRVVLEOH K\GURPHFKDQLFDOPHFKDQLVPV WKDW DUH OLNHO\ WR RFFXU LQ WKH ILHOG LH LQ WKH
QXFOHDU ZDVWH GLVSRVDO IDFLOLWLHV 6HYHUDO RWKHU H[SHULPHQWV ZHUH SHUIRUPHG IRU
LQYHVWLJDWLQJWKHEHKDYLRXURIWKHPDWHULDODOWKRXJKWKHUHDOPHFKDQLVPVPD\QRWRFFXU
LQ WKH ILHOG $VSHFWV UHODWHG WR FKDQJHV LQ FKHPLFDO FRPSRVLWLRQ RI WKH PDWHULDO DQG
SRVVLEOHWHPSHUDWXUHHIIHFWVDUHQRWFRQVLGHUHGLQWKLVVWXG\
 3URSHUWLHVRI0DWHULDOV8VHG
 7KH PDWHULDOV LQYHVWLJDWHG LQ WKLV VWXG\ ZHUH PL[WXUHV RI D FDOFLXP EHQWRQLWH
QDPHG &DOFLJHO PLQHG IURP 6RXWKHUQ SDUW RI *HUPDQ\ DQG TXDUW] VDQG 3UHOLPLQDU\
H[SHULPHQWV FRQVLVWLQJ RI EDVLF VRLO WHVWV DQG SK\VLFRFKHPLFDO FKDUDFWHULVDWLRQ ZHUH
SHUIRUPHGRQERWKWKHEHQWRQLWHDQGWKHVDQG
 %DVLF3URSHUWLHV
 7KHEDVLFVRLOWHVWVZHUHSHUIRUPHGEDVHGRQ$670VWDQGDUGV$670DQG
',1 VWDQGDUGV ',1  7KH WHVWV LQFOXGHG WKH GHWHUPLQDWLRQ RI $WWHUEHUJ OLPLWV
VSHFLILFJUDYLW\DQGJUDLQVL]HGLVWULEXWLRQ7KHGHWHUPLQDWLRQRIJUDLQVL]HGLVWULEXWLRQ
RI WKH EHQWRQLWH XVHG ZDV SHUIRUPHG XVLQJ WZR PHWKRGV QDPHO\ WKH VHGLPHQWDWLRQ
PHWKRG$670DQG',1DQGODVHUSDUWLFOHVL]LQJ/36PHWKRG7KHODVHU
SDUWLFOHVL]HUXVHGLQWKLVLQYHVWLJDWLRQZDVDODVHUSDUWLFOHVL]HUW\SH/6IURP&RXOWHU
(OHFWURQLFV ,QF )LJXUH  7KH JUDLQVL]H GLVWULEXWLRQ FXUYHV GHWHUPLQHG IRU WKH
EHQWRQLWH LH YLD WKH VHGLPHQWDWLRQ PHWKRG DQG /36 PHWKRGV DQG IRU WKH VDQG DUH
VKRZQLQ)LJXUH7KHGLIIHUHQWFXUYHVREWDLQHGIRUWKHEHQWRQLWHYLDGLIIHUHQWPHWKRGV
LQGLFDWH GHSHQGHQF\ RI WKH JUDLQVL]H GLVWULEXWLRQ RI WKH EHQWRQLWH RQ WKH SUHSDUDWLRQ
WHFKQLTXH7KHRYHQGULHGSRZGHUVSHFLPHQSUHSDUHGIRU WKHJUDLQVL]HGLVWULEXWLRQ WHVW
XVLQJ WKH /36 WHFKQLTXH LV H[SHFWHG WR H[KLELW WKH OHDVW GHJUHH RI GLVVRFLDWLRQ RI FOD\
SDUWLFOHV 7KH VSHFLPHQ XVHG LQ WKH VHGLPHQWDWLRQ WHVW ZDV GLVSHUVHG LQ D GLVSHUVLQJ

&KDSWHU0DWHULDOVXVHGDQGH[SHULPHQWDOSURJUDP

VROXWLRQLHVRGLXPKH[DPHWDSKRVSKDWHGXULQJH[SHULPHQW7KHUHIRUHLWH[KLELWHGWKH
PRVWGLVVRFLDWHGVWUXFWXUH

)LJXUH/DVHUSDUWLFOHVL]HUW\SH/6IURP&RXOWHU(OHFWURQLFV,QF
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FRQWHQW DQG DQ DGHTXDWH DPRXQW RI ZDWHU ZDV VXEVHTXHQWO\ DGGHG WR UHDFK WKH WDUJHW
ZDWHUFRQWHQWXVLQJDZDWHUVSUD\ERWWOH7KHPL[WXUHVZHUHVXEVHTXHQWO\FXUHGLQDWZR
OD\HUHGSODVWLFEDJIRUWZRZHHNVWRDOORZIRUDKRPRJHQHRXVZDWHUFRQWHQWGLVWULEXWLRQ
 3URFWRU FRPSDFWLRQ FXUYHV RI WKH IRXUPL[WXUHV RI EHQWRQLWH DQG VDQGZHUH ILUVW
GHWHUPLQHG 7KH PL[WXUHV ZHUH G\QDPLFDOO\ FRPSDFWHG WR REWDLQ WZR GLIIHUHQW
FRPSDFWLRQ FXUYHV QDPHO\ VWDQGDUGSURFWRU$670 $670ZLWK D FRPSDFWLRQ
HQHUJ\ RI  N1PP DQG HQKDQFHG SURFWRUZLWK D FRPSDFWLRQ HQHUJ\ RI  N1
PP7KHVWDQGDUGDQGHQKDQFHGFRPSDFWLRQFXUYHVIRUWKHIRXUPL[WXUHVDUHVKRZQLQ
)LJXUH D WR )LJXUH G 7KH RSWLPXP ZDWHU FRQWHQWV DQG WKH PD[LPXP GU\
GHQVLWLHVIRUWKHPL[WXUHVDUHOLVWHGLQ7DEOH7KHGHJUHHVRIVDWXUDWLRQFRUUHVSRQGLQJ
WR WKHRSWLPXPZDWHU FRQWHQWVRU WKHPD[LPXPGU\GHQVLWLHV DUHGLIIHUHQW IRUGLIIHUHQW

&KDSWHU0DWHULDOVXVHGDQGH[SHULPHQWDOSURJUDP

PL[WXUHV*HQHUDOO\WKHKLJKHU WKHEHQWRQLWHFRQWHQW WKHFORVHURSWLPXPFRQGLWLRQVDUH
WRWKH]HURDLUYRLG=$9OLQH
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HQKDQFHGSURFWRU
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HQKDQFHGSURFWRU
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VWDQGDUGSURFWRU
HQKDQFHGSURFWRU
]HURDLUYRLG
6U 
6U 
VWDQGDUGSURFWRU
HQKDQFHGSURFWRU
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&RPSDFWLRQZDWHUFRQWHQWZ
'
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VWDQGDUGSURFWRU
HQKDQFHGSURFWRU
]HURDLUYRLG
6U 
6U 
VWDQGDUGSURFWRU
HQKDQFHGSURFWRU

G
)LJXUH3URFWRUFXUYHVRIEHQWRQLWHVDQGPL[WXUHVDEFDQG
GSXUHEHQWRQLWH
$ QXPEHU RI VSHFLPHQV ZHUH SUHSDUHG IRU VXFWLRQ DQG VZHOOLQJ SUHVVXUH
PHDVXUHPHQWV 6HYHUDO VSHFLPHQV ZHUH G\QDPLFDOO\ FRPSDFWHG LQ DQ $670 VWDQGDUG
PROG LH  PP LQ GLDPHWHU DQG  PP LQ KHLJKW DQG VHYHUDO RWKHUV ZHUH
FRPSDFWHGVWDWLFDOO\LQDVPDOOPROGPHDVXULQJPPLQGLDPHWHUDQGPPLQKHLJKW
:DWHU FRQWHQWV DQG GU\ GHQVLWLHV RI WKH VWDWLFDOO\ FRPSDFWHG VSHFLPHQV ZHUH WDUJHWHG
EDVHG RQ WKH SUHGHWHUPLQHG FRPSDFWLRQ FXUYHV 7KH UHVXOWLQJ VWDWLFDOO\ FRPSDFWHG
VSHFLPHQVWREHXVHGIRUWKHVXFWLRQPHDVXUHPHQWVZHUHPPLQGLDPHWHUDQGPP
LQKHLJKW7KH VSHFLPHQV IRU VZHOOLQJSUHVVXUHPHDVXUHPHQWVZHUHPP LQGLDPHWHU
DQGPPLQKHLJKW

&KDSWHU0DWHULDOVXVHGDQGH[SHULPHQWDOSURJUDP

7DEOH2SWLPXPZDWHUFRQWHQWVDQGPD[LPXPGU\GHQVLWLHVRIWKHIRXUPL[WXUHV
0L[WXUHV 3URFWRU
2SWLPXPZDWHU
FRQWHQWZRSW
0D[LPXPGU\
GHQVLW\UGPD[
0JP
6WDQGDUG  EHQWRQLWHVDQG
(QKDQFHG  
6WDQGDUG  EHQWRQLWHVDQG
(QKDQFHG  
6WDQGDUG  EHQWRQLWHVDQG
(QKDQFHG  
6WDQGDUG  3XUHEHQWRQLWH
(QKDQFHG  
 $QXPEHURIKHDYLO\FRPSDFWHGVSHFLPHQVZHUHDOVRSUHSDUHG&RQGLWLRQVLHWKH
ZDWHUFRQWHQWDQGGHQVLW\RIWKHVSHFLPHQVSUHSDUHGZHUHVHWWRUHSOLFDWHWKHFRQGLWLRQV
RI EULFN VSHFLPHQV XVHG LQ WKH 6RQGHUVKDXVHQ SURMHFW VHH&KDSWHU  7KHPL[WXUH RI
EHQWRQLWHVDQGZDVFRPSDFWHGLQDVSHFLDOFRPSDFWLRQFHOOLHWKH*56VZHOOLQJ
SUHVVXUH FHOO GHYHORSHGDW*HVHOOVFKDIW IU$QODJHQXQG5HDNWRUVLFKHUKHLW *56PE+
%UDXQVFKZHLJ 7KH PL[WXUH ZDV LQLWLDOO\ FRPSDFWHG DW  DYHUDJH ZDWHU FRQWHQW WR
UHDFK DQ DYHUDJH GU\ GHQVLW\ RI  0JP $IWHU GHOLYHUHG WR WKH /DERUDWRU\ RI 6RLO
0HFKDQLFV %DXKDXV8QLYHUVLW\ :HLPDU WKH VSHFLPHQV ZHUH VXEVHTXHQWO\ DOORZHG WR
HTXLOLEUDWH ZLWK ZDWHU YDSRXU DERYH DQ DTXHRXV RU VDWXUDWHG VROXWLRQ RI .&O LQ D
GHVLFFDWRU DW  R& LH FRUUHVSRQGLQJ WR D WRWDO VXFWLRQ RI  N3D IRU VHYHUDO
PRQWKV7KH VSHFLPHQV DIWHU HTXLOLEUDWLRQ DUH IXUWKHU QDPHG DV DVSUHSDUHG VSHFLPHQV
7KHDVSUHSDUHGVSHFLPHQVZHUHH[SHFWHGWRH[KLELWDXQLIRUPZDWHUFRQWHQWRUVXFWLRQ
GLVWULEXWLRQRUUHDFKHGWKHWUXHHTXLOLEULXPVWDWHVHH&KDSWHUIRUWKHGHILQLWLRQ$WWKH
HQGRIHTXLOLEUDWLRQVWDJHVSHFLPHQVZLWKDGLDPHWHURIPPDQGDKHLJKWRIPP
ZHUHSURGXFHG7KHDVSUHSDUHGVSHFLPHQVKDGDQDYHUDJHZDWHUFRQWHQWRIDQG
DQDYHUDJHGU\GHQVLW\RI0JP7KHVWDWLVWLFDOGLVWULEXWLRQRIWKHDVSUHSDUHGZDWHU
FRQWHQWDQGGU\GHQVLW\LVVKRZQLQ)LJXUH,WZDVIRXQGWKDW WKHKHDYLO\FRPSDFWHG
VSHFLPHQVKDGDQDYHUDJHLQLWLDOVXFWLRQRIN3DVHH&KDSWHUIRUGHWDLOV

&KDSWHU0DWHULDOVXVHGDQGH[SHULPHQWDOSURJUDP
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
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LQLWLDOGU\GHQVLW\
0LQLPXP0JP
0D[LPXP0JP
0HDQ0JP
6WGHYLDWLRQ0JP

E
)LJXUH6WDWLVWLFDOGLVWULEXWLRQRIWKHDVSUHSDUHGVSHFLPHQVDLQLWLDOZDWHUFRQWHQW
DQGELQLWLDOGU\GHQVLW\
 &RPSXWHU7RPRJUDSK\&76WXG\IRU,QYHVWLJDWLQJ+RPRJHQHLW\RIWKH$V
3UHSDUHG6SHFLPHQ
 *HQHUDO
 7KHFRPSXWHUWRPRJUDSK\&7WHFKQLTXHGHYHORSHGLQPHGLFDOVFLHQFHVLVDQRQ
GHVWUXFWLYHWHFKQLTXHHQDEOLQJYLUWXDOVOLFLQJRIRSDTXHREMHFWV7KHXVHIXOQHVVRI&7LV
WKDWWKHVDPSOHFDQEHODLGLQWKHHTXLSPHQWZLWKRXWGLVWXUEDQFH$QRWKHUXVHIXOQHVVRI

&KDSWHU0DWHULDOVXVHGDQGH[SHULPHQWDOSURJUDP

WKH WHFKQLTXH LQ JHRORJLFDO UHVHDUFK KDV EHHQ GHPRQVWUDWHG E\ PDQ\ DXWKRUV HJ
:HOOLQJWRQ DQG 9LQHJDU  2UVL HW DO  DQG 'XOLX  ,Q WKLV UHVHDUFK
FRPSXWHU WRPRJUDSK\ ZDV XVHG WR LQYHVWLJDWH KRPRJHQHLW\ RI WKH KHDYLO\ FRPSDFWHG
VSHFLPHQVZLWKUHVSHFWWRWKHGHQVLW\
 ([SHULPHQWDO7HFKQLTXHV
 7KH FRPSXWHU WRPRJUDSK\ WHVW ZDV SHUIRUPHG RQ D KHDYLO\ FRPSDFWHG EULFN
VSHFLPHQLHVLPLODUWRWKRVHXVHGLQWKH6RQGHUVKDXVHQILHOGWHVWDQGRQDF\OLQGULFDO
IRUP VSHFLPHQ LH WKH VSHFLPHQ IURP*56 ERWK DW DVSUHSDUHG VWDWH 7KH WHVW ZDV
FDUULHGRXWXVLQJDPRELOHFRPSXWHUWRPRJUDSK\W\SH0&7IURP8QLYHUVLW\RI0DUEXUJ
)LJXUH7KH F\OLQGULFDO VSHFLPHQZDVSODFHG LQ D FORVHG FRQVWDQW YROXPHFHOO IRU
SUHYHQWLQJWKHVSHFLPHQIURPFKDQJLQJZDWHUGXULQJPHDVXUHPHQW7KLVZDVSDUWLFXODUO\
DQWLFLSDWHGVLQFHWKHVPDOOF\OLQGULFDOVSHFLPHQZLOOEHDIIHFWHGE\URRPFRQGLWLRQVLH
UHODWLYH KXPLGLW\ DQG WHPSHUDWXUH GXULQJ WHVW 7KH EULFN VSHFLPHQZDV WHVWHG GLUHFWO\
ZLWKRXW DQ\ HIIRUW WR SUHYHQW DQ\ FKDQJH LQ ZDWHU FRQWHQW ZKLFK ZDV WKRXJKW WR EH
QHJOLJLEOH WDNLQJ LQWR FRQVLGHUDWLRQ LWV PXFK ODUJHU VL]H FRPSDUHG WR WKH F\OLQGULFDO
VSHFLPHQ

)LJXUH&RPSXWHUWRPRJUDSK\WHVWVHWXS
 5HVXOWVDQG'LVFXVVLRQ
 )LJXUH  VKRZV WKH UHVXOWV RI &7 WHVW SHUIRUPHG RQ WKH EULFN DQG F\OLQGULFDO
VSHFLPHQV ,W LV VKRZQ WKDW WKH EULFN VSHFLPHQ LV QRW XQLIRUPZLWK UHVSHFW WR GHQVLW\
ZKLOHDUHODWLYHO\PRUHXQLIRUPGHQVLW\GLVWULEXWLRQ LVVHHQ LQ WKHF\OLQGULFDOVSHFLPHQ
7KLVIDFWVXSSRUWVWKHXVHRIWKHSUHIDEULFDWHGF\OLQGULFDOVSHFLPHQVIRUWKHWHVWVLQWKLV
VWXG\ 7KH UHVXOWV DOVR VKRZ WKDW WKH JOREDO GHQVLW\ RI WKH F\OLQGULFDO VSHFLPHQ LV 
0JPZKLFKDJUHHVZHOOZLWKWKHPHDVXUHGYDOXH7KHGLVWULEXWLRQRIZDWHUFRQWHQWLQ

&KDSWHU0DWHULDOVXVHGDQGH[SHULPHQWDOSURJUDP

WKH ERWK VSHFLPHQV FDQQRW EH LQIHUUHG IURP WKH &7 WHVW UHVXOWV +RZHYHU VLQFH WKH
VSHFLPHQV ZHUH DOUHDG\ DW WUXH HTXLOLEULXP VWDWH ZDWHU ZDV GLVWULEXWHG XQLIRUPO\ DQG
WKHUHIRUH WKH UHVXOWV RI &7 WHVW SUHVHQWHG LQGLFDWH WKH XQLIRUPLW\ LQ WKH GU\ GHQVLW\
GLVWULEXWLRQLQERWKWKHEULFNDQGF\OLQGULFDOVSHFLPHQV

   D      E
)LJXUH&7WHVWUHVXOWVDEULFNVSHFLPHQDQGEF\OLQGULFDOVSHFLPHQ
 0LFURVWUXFWXUHDQG)DEULF,QYHVWLJDWLRQE\0HUFXU\,QWUXVLRQ3RURVLPHWU\
0,37HVW
 *HQHUDO
 7KH SRUHVL]H GLVWULEXWLRQ 36' RI D VRLO REWDLQHG E\ PHUFXU\ LQWUXVLRQ
SRURVLPHWU\ 0,3 WHVW LV DQ HVVHQWLDO IDEULF HOHPHQW ZKLFK LV UHODWHG WR VRPH VRLO
FKDUDFWHULVWLFV VXFK DV ZDWHU DLU DQG KHDW FRQGXFWLYLW\ DGVRUSWLRQ DQG GHVRUSWLRQ
LVRWKHUPV DQG YROXPHWULF GHIRUPDWLRQ 6RPH UHVHDUFKHUV KDYH XVHG WKH 0,3 GDWD WR
VWXG\ IDEULF FKDQJHV RI QDWXUDO FOD\V GXULQJ FRQVROLGDWLRQ *ULIILWKV DQG -RVKL 
FKDQJHV LQ 36'V GXH WR FRQVROLGDWLRQ RI GLIIHUHQW FOD\ W\SHV $O0XNKWDU  DQG
SUHGLFWLRQRIVDWXUDWHGFRHIILFLHQWRISHUPHDELOLW\HJ*DUFLDHWDODQG5RPHUR
 7KH 36' GDWD ZDV DOVR XVHG WR HVWLPDWH VRLOZDWHU FKDUDFWHULVWLF FXUYH RI
H[SDQVLYH VRLOV HJ 5RPHUR  (IIHFWV RI FRPSDFWLRQ FRQGLWLRQV LH GU\ RI
RSWLPXPDQGZHWRIRSWLPXPRQWKH36'KDYHEHHQUHSRUWHGDQGGLVFXVVHGLQ'HODJH
DQG *UDKDP  ,Q WKLV UHVHDUFK WKH 0,3 GDWD ZDV XVHG WR REWDLQ LQIRUPDWLRQ
FRQFHUQLQJ WKH GLVWULEXWLRQ RI SRUHV LH PLFURSRUHV DQGPDFURSRUHV LQ WKH KHDYLO\
FRPSDFWHGVSHFLPHQDWGLIIHUHQWVWDWHV7KH0,3GDWDDUHDOVRXVHGIRUHVWLPDWLQJZDWHU
FRQWHQWYHUVXVVXFWLRQFXUYHDQGVDWXUDWHGSHUPHDELOLW\WKDWDUHNQRZQWREHDIXQFWLRQRI
SRUHVL]HGLVWULEXWLRQRIWKHVRLO
Æ0JP
JOREDOU 0JP

&KDSWHU0DWHULDOVXVHGDQGH[SHULPHQWDOSURJUDP

 ([SHULPHQWDO7HFKQLTXHV
 7KH0,3VWXG\ZDVSHUIRUPHGXVLQJ$XWRSRUH,,IURP0LFURPHULWLFV%HUOLQ
FWHG VSHFLPHQV DW WKUHH GLIIHUHQW VWDWHV QDPHO\ DV
SUHSDUHGRYHQGULHGDQGVZROOHQVWDWHVZHUHWHVWHG$VPDOOFXEHVSHFLPHQZDVHDFKFXW
RP
)LJXUH  7KUHH KHDYLO\ FRPSD
IU WKHDVSUHSDUHGDQGRYHQGULHGVSHFLPHQV7KHVZROOHQVSHFLPHQZDVSUHSDUHGE\
ILUVW DOORZLQJ DQ DVSUHSDUHG VSHFLPHQ WR DEVRUE ZDWHU XQGHU XQFRQILQHG FRQGLWLRQV
WKURXJK YDSRXU GLIIXVLRQ SURFHVV XQWLO WKH VSHFLPHQ ZDWHU FRQWHQW UHDFKHG  7KLV
ZDWHUFRQWHQWFRUUHVSRQGVWRDERXWN3DVXFWLRQVHH&KDSWHUIRUGHWDLOV7KHLQLWLDO
FRQGLWLRQV RI WKH WKUHH VSHFLPHQV WHVWHG DUH UHSRUWHG LQ7DEOH $OO FXEH VSHFLPHQV
ZHUHIUHH]HGULHGSULRUWR0,3WHVW

)LJXUH(TXLSPHQWIRUPHUFXU\LQWUXVLRQWHVW
$XWRSRUH,,IURP0LFURPHULWLFV%HUOLQ
7DEO
7RWDOVXFWLRQN3D :DWHUFRQWHQW 9RLGUDWLR
H,QLWLDOFRQGLWLRQVRIWKHVSHFLPHQVWHVWHGLQ0,3

%HIRUHWHVW,QLWLDO %HIRUHWHVW ,QLWLDO %HIRUHWHVW ,QLWLDO
$VSUHSDUHG      
2YHQGULHG        
6ZROOHQ      
PHDVXUHGXVLQJ
 HQ
$67 RYHQ HWKRGL  &IRUDWOHDVWK
GULH Q Q
WKHXQ ZH WKHP OVHH&K IRUGH
 H LQIRUPDWLRQ
UHJDUGLQJSRUH OHYHOVFDQEHGHULYHG6HYHUDODVVXPSWLRQVXVHG LQ WKHDQDO\VHVDUHDOVR
0 GULHGP HDW R RXUV
VXFWLRQRIRY GVRLO&UR
FRQILQHG
H\DQG&ROHPD
WWLQJFXU HRI

DWHULDLQIHUUHGIURP Y DSWHU WDLOV
 5HVXOWVDQG'LVFXVVLRQ
7KH UHVXOWV REWDLQHG IURP WKH 0,3 WHVW DUH DQDO\VHG DQG VRP

&KDSWHU0DWHULDOVXVHGDQGH[SHULPHQWDOSURJUDP

JLYHQ KHUHLQ 7KH 36' GDWD REWDLQHG IURP WKH 0,3 WHVW UHVXOWV DUH XVHG WR HVWLPDWH
K\GUDXOLFSURSHUWLHVRIWKHVSHFLPHQWHVWHG
 7KH0,3 WHVW UHVXOWV KDYH EHHQ LQWHUSUHWHG XVLQJ:DVKEXUQ PHWKRG :DVKEXUQ
H
7KHUHODWLRQVKLSEHWZHHQ WKH LQWUXVLRQSUHVVXUHSLQWDQG WKH
SRUHGLDPHWHU' LVJLYHQLQWKHIROORZLQJHTXDWLRQ
3RUH6L]H'LVWULEXWLRQ36'RIWKH+HDYLO\&RPSDFWHG6SHFLPHQVRI
%HQWRQLWH6DQG0L[WXUH
6ULGKDUDQHWDODQG$O0XNKWDU,QWKHPHWKRGWKHSRUHVLQDVRLODU
DVVXPHG WREHF\OLQGULFDO
S
 LQW
 FRV+* +*
S
7S
'
M
   
ZKHUH7  LV WKH VXUIDFH WHQVLRQ RIPHUFXU\ LH +* 1P DW R& DQGĳ+* LV WKH
FRQWDFWDQJOHEHWZHHQPHUFXU\DQGWKHDVVXPHGSRUHVXUIDFHLHR
 )LJXUH  VKRZV WKH SRUHVL]H GLVWULEXWLRQ 36' GDWD RI WKH WKUHH VSHFLPHQV
 VSHFLPHQ DV
FRPSDUHGWRWKDWRIWKHRYHQGULHGVSHFLPHQLVDWWULEXWHGWRWKHORZHULQLWLDOYRLGUDWLRRI

WHVWHGLQWKLVVWXG\,W LVVKRZQWKDWQRUHPDUNDEOHFKDQJHVLQ36'RIWKHVSHFLPHQDUH
QRWHG XSRQ RYHQGU\LQJ 7KH ORZHU WRWDO SRUH YROXPH RI WKH DVSUHSDUHG
WKH DVSUHSDUHG VSHFLPHQ VHH 7DEOH  6ZHOOLQJ LQGXFHV DQ LQFUHDVH LQ WKH SRUH
YROXPHEXWLWQDUURZVWKHUDQJHRI36'RIWKHVSHFLPHQ,WLVVKRZQWKDWWKH36'RIWKH
WKUHHVSHFLPHQVLVELPRGDO7KHELPRGDO36'FXUYHVLQGLFDWHWKHH[LVWHQFHRIWZROHYHO
RISRUHVQDPHO\PLFURSRUHVDQGPDFURSRUHV'HODJHDQG*UDKDP5RPHURHW
DOREVHUYHGDWULPRGDO36'FXUYHRIFRPSDFWHGVSHFLPHQVRIDPL[WXUHRI
VRGLXPEHQWRQLWH LH.XQLJHO9 DQG VLOLFD VDQG7KH ELPRGDO FKDUDFWHULVWLFV RI WKH
36'RIWKHWKUHHVSHFLPHQVWHVWHGLQWKLVLQYHVWLJDWLRQFDQEHEHWWHUYLVXDOLVHGLQWKHSORW
RI LQWUXGHG SRUH YROXPH YHUVXV PHDQ SRUH GLDPHWHU DV VKRZQ LQ )LJXUH  7KH
DSSDUHQW WUDQVLWLRQ EHWZHHQ PLFUR DQG PDFURSRUHV LV DOVR VKRZQ LQ WKH ILJXUH 7KH
PLFURSRUHVUHSUHVHQWVSRUHVLQWKHFOD\FOXVWHUVRUWKHLQWUDDJJUHJDWHSRUHVZKLOHWKH
SRUHVEHWZHHQFOD\FOXVWHUVRUWKHLQWHUDJJUHJDWHSRUHVDUHFRQVLGHUHGWREHWKHPDFUR
SRUHV 7KH QRQLQWUXGHG SRUHV PD\ WKHUHIRUH UHSUHVHQW WKH LQWUDODPLQDU SRUHV 7KH
H[LVWHQFHRIELPRGDOEHKDYLRXURIWKH36'RIWKHVSHFLPHQVWHVWHGLVFRQVLVWHQWZLWKWKH
REVHUYDWLRQRQ-RVVLJQ\VLOWUHSRUWHGE\'HODJHHWDODQGRQDKHDYLO\FRPSDFWHG
EHQWRQLWHVDQGPL[WXUHLH.XQLJHO+RVWXQVDQGPL[WXUHGHVFULEHGLQ&XLHWDO
D7KHPDQQHUE\ZKLFKWKHYROXPHVRIWKUHHW\SHVRISRUHVDUHGHWHUPLQHGIURP
WKH36'GDWDLVJLYHQLQ)LJXUH

&KDSWHU0DWHULDOVXVHGDQGH[SHULPHQWDOSURJUDP

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VZROOHQ
WRWDOSRUHYROXPHRIWKHVZROOHQ
VSHFLPHQ FPJ
WRWDOSRUHYROXPHRIWKHRYHQGULHG
VSHFLPHQ FPJ
WRWDOSRUHYROXPHRIWKHDVSUHSDUHG
VSHFLPHQ FPJ

)LJXUH3RUHVL]HGLVWULEXWLRQRIWKHKHDYLO\FRPSDFWHGEHQWRQLWHVDQGPL[WXUH
DWWKUHHGLIIHUHQWVWDWHV
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RYHQGULHG
VZROOHQ
PLFURSRUHV PDFURSRUHV
DSSDUHQW
WUDQVLWLRQ

)LJXUH,QWUXGHGSRUHYROXPHYHUVXVPHDQSRUHGLDPHWHURIWKHKHDYLO\FRPSDFWHG
EHQWRQLWHVDQGPL[WXUHDWWKUHHGLIIHUHQWVWDWHV

&KDSWHU0DWHULDOVXVHGDQGH[SHULPHQWDOSURJUDP
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DVSUHSDUHG
RYHQGULHG
VZROOHQ
 
)LJXUH'HWHUPLQDWLRQRIPLFURDQGPDFURSRUHVIURPWKHSRUHVL]HGLVWULEXWLRQGDWD
 7KH LQIRUPDWLRQRI36'RI HDFK VSHFLPHQ WKDW FDQEHGHULYHG IURP WKH0,3 WHVW
UHVXOWVDUHVXPPDULVHGLQ7DEOH7KHSHUFHQWDJHRIWRWDOLQWUXGHGSRUHYROXPHWRWKH
WKHRUHWLFDOWRWDOSRUHYROXPHUHGXFHGDVWKHVSHFLPHQVZHOOHGZKHUHDVVKULQNLQJKDGQR
LQIOXHQFHRQWKHSHUFHQWDJHRIWRWDOLQWUXGHGSRUHYROXPH7KH36'GDWDPD\LQIHUWKDW
WKHDYHUDJHGLDPHWHURIPLFURSRUHVGHFUHDVHGGXHWRVZHOOLQJ7KHDYHUDJHGLDPHWHURI
PLFURSRUHVOLVWHGLQ7DEOHGRHVQRWWDNHLQWRDFFRXQWWKHPLFURSRUHVZLWKGLDPHWHU
VPDOOHUWKDQWKHVPDOOHVWLQWUXGHGSRUHGLDPHWHUVLQFHQRLQIRUPDWLRQRQWKH36'EHORZ
WKLV OLPLW LV DYDLODEOH 7KH SHUFHQWDJH RI YROXPH RI WKH PLFURSRUHV WR WKH WRWDO SRUH
YROXPHLVKRZHYHUVLPLODUIRUWKHWKUHHVSHFLPHQV'HVSLWHWKHGLIILFXOW\LQDVVHVVLQJWKH
DYHUDJH GLDPHWHU RI WKH PLFURSRUHV 7DEOH  UHYHDOV WKDW WKHUH ZDV D VLJQLILFDQW
UHGXFWLRQLQWKHDYHUDJHGLDPHWHURIPDFURSRUHVGXHWRVZHOOLQJ
7KHLQFUHDVHLQYROXPHRIWKHPLFURDQGPDFURSRUHVDVWKHVSHFLPHQVZHOOHGZDV
DSSUR[LPDWHO\DVPXFKDVWKHLQFUHDVHLQWRWDOYROXPHRIWKHVSHFLPHQLHDERXW
YROXPHWULF VWUDLQ%\ FRQVLGHULQJ WKDW WKHGHQVLW\RI VRLOZDWHU LQ DQ H[SDQVLYH VRLO LV
HTXDOWRXQLW\0LWFKHOOWKHYROXPHWULFVWUDLQRIWKHVSHFLPHQFDXVHGE\VZHOOLQJ
FDQ EH DVVHVVHG DQGZDV DSSUR[LPDWHG WR EH HTXDO WR WKH VZHOOLQJLQGXFHG YROXPHWULF
VWUDLQRIZDWHUSKDVHLQWKHVSHFLPHQ7DEOH7KHGLIIHUHQFHLQZDWHUFRQWHQWRIERWK
VSHFLPHQVLHWKHDVSUHSDUHGDQGVZROOHQVSHFLPHQVZDVZKLFKFRUUHVSRQGVWRD
FPJGLIIHUHQFHLQSRUHYROXPH7KHYDOXHLVDSSUR[LPDWHO\HTXDOWRWKHGLIIHUHQFHLQ
WRWDOYROXPHRIERWKVSHFLPHQV7DEOH$FFRUGLQJWR7DEOHWKHFKDQJHLQYROXPH
RIWKHPLFURSRUHVGXHWRVZHOOLQJZDVRQO\DERXWFPJ6LQFHWKHPLFURSRUHVLH
WKH SRUHV ORFDWHG ZLWKLQ WKH FOD\ FOXVWHUV DUH FRQVLGHUHG WR EH VDWXUDWHG WKLV YDOXH

&KDSWHU0DWHULDOVXVHGDQGH[SHULPHQWDOSURJUDP

FRUUHVSRQGV WR D  LQFUHDVH LQZDWHU FRQWHQW 7KLV GLVFUHSDQF\PD\ LQGLFDWH WKDW WKH
DEVRUEHG ZDWHU GXH WR VZHOOLQJ ZDV UHWDLQHG LQ ERWK WKH PLFUR DQG PDFURSRUHV 1R
FRQFOXVLRQRQDSRVVLEOH UHDUUDQJHPHQWRI FOD\FOXVWHUV LQ WKHVSHFLPHQVFDQEHGUDZQ
IURP WKH 36' GDWD $Q LQWHUQDO UHDUUDQJHPHQW RI FOD\ FOXVWHUV PD\ RFFXU ZKHQ WKH
VSHFLPHQLVZHWWHGXQGHUFRQVWDQWYROXPHFRQGLWLRQV'HODJHDQG*UDKDP&XLHW
DO DVKRZHGWKDWGXULQJFRQILQHGVZHOOLQJ WKHVL]HRIPDFURSRUHVRIDVZHOOLQJ
VRLO UHGXFHG DQG GLPLQLVKHG DW VXFWLRQ FORVH WR ]HUR &XL HW DO D DOVR REVHUYHG
VHSDUDWLRQ RI FOD\ VKHHWV LQ WKH FOXVWHUV ZKLFK OHG WR D PRUH XQLIRUP 36' RI WKH
VSHFLPHQ
7DEOH0HUFXU\LQWUXVLRQSRURVLPHWU\GDWDRIWKHWKUHHVSHFLPHQVWHVWHG
 $VSUHSDUHG 2YHQGULHG 6ZROOHQ
7RWDOSRUHYROXPH9SWRWFPJ   
7RWDOLQWUSRUHYROXPH9SLQWFPJ   
SHUFHQWRIWRWDOSRUHYROXPH   
$YHUDJHGLDPHWHU'DYHPP   
0LFURSRUHVGLDPHWHU'SPLFURPP   
DYHUDJHGLDPHWHU'DYHPLFURPP   
YROXPH9SPLFURFPJ   
SHUFHQWRIWRWDOSRUHYROXPH   
0DFURSRUHVGLDPHWHU'SPDFURPP   
DYHUDJHGLDPHWHU'DYHPDFURPP   
YROXPH9SPDFURFPJ   
SHUFHQWRIWRWDOSRUHYROXPH   
EDVHGRQZHLJKWHGDYHUDJHZLWKRXWFRQVLGHULQJWKHQRQLQWUXGHGSRUHYROXPH
EDVHGRQZHLJKWHGDYHUDJHZLWKWKHVPDOOHVWLQWUXGHGSRUHVFRQVLGHUHGWREHWKHVPDOOHVWSRUHV
EDVHGRQZHLJKWHGDYHUDJH

 7KH HIIHFW RI K\GUDXOLF F\FOHV LH GU\LQJ DQGZHWWLQJ RQ WKH36'FXUYH RI WKH
EHQWRQLWHLQYHVWLJDWHGKHUHLQLVGLIIHUHQWIURPWKDWFDXVHGE\FRPSDFWLRQDVUHSRUWHGE\
6ULGKDUDQ HW DO  RU FRQVROLGDWLRQ DV GHVFULEHG LQ $O0XNKWDU  ,W ZDV
UHSRUWHG WKDW ERWK FRPSDFWLRQ DQG FRQVROLGDWLRQ RQO\ DIIHFWHG WKH YROXPH RI PDFUR
SRUHV 7KH VWXG\ E\$O0XNKWDU  DOVR LQGLFDWHG WKDW GU\LQJ RQO\ LQIOXHQFHG WKH
PDFURSRUHV ZKHUHDV WKH PLFURSRUHV UHPDLQHG XQDIIHFWHG 7KLV LV WUXH VLQFH PHUFXU\
PDLQO\LQWUXGHGWKHSRUHVEHWZHHQWKHFOD\FOXVWHUV7KHYROXPHRIPLFURSRUHVLQµQRQ
VZHOOLQJ¶FOD\VLVLQVLJQLILFDQWFRPSDUHGWRWKHWRWDOSRUHYROXPHRIWKHVRLO'HODJHDQG
*UDKDP,QWKHFDVHRIVZHOOLQJVRLOVVXFKDVWKHEHQWRQLWHVDQGPL[WXUHXVHGLQ
WKLVVWXG\WKHLQWHUDFWLRQEHWZHHQPLFURDQGPDFURSRUHVLVPRUHUHPDUNDEOHVLQFHWKH
PLFURSRUHVFRQVWLWXWHPRUHWKDQKDOIWKHWRWDOSRUHYROXPH


&KDSWHU0DWHULDOVXVHGDQGH[SHULPHQWDOSURJUDP

(VWLPDWHRI:DWHU&RQWHQWYHUVXV&DSLOODU\6XFWLRQIURPWKH0,37HVW
5HVXOWV
 7KHSURFHVVRIPHUFXU\LQWUXVLRQGXULQJ0,3WHVWLVVLPLODUWRLQWUXVLRQRIDLUWRDQ
LQLWLDOO\ ZDWHUVDWXUDWHG VRLO VSHFLPHQ ,Q WKH PHUFXU\ DQG DLUILOOHG SRUH V\VWHP
PHUFXU\DFWVDVWKHQRQZHWWLQJSKDVHZKLOHDLULVWKHZHWWLQJSKDVH2QWKHRWKHUKDQG
ZDWHU LVFRQVLGHUHG WREH WKHZHWWLQJSKDVHZKHUHDVDLU LV WKHQRQZHWWLQJSKDVH LQ WKH
ZDWHU DQG DLUILOOHG SRUH V\VWHP 7KH IROORZLQJ HTXDWLRQ LV REWDLQHG E\ XWLOLVLQJ
(TXDWLRQIRUWKHZDWHUDQGDLUILOOHGSRUHV\VWHP
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ZKHUHVP LVPDWULFVXFWLRQ7ZLVWKHVXUIDFHWHQVLRQRIZDWHULH1PDWR&
DQGĳZLVWKHFRQWDFWDQJOHEHWZHHQZDWHUDQGWKHDVVXPHGSRUHVXUIDFHLHDVVXPHGWR
EHHTXDOWRR
 $SDUWIURPWKHDVVXPSWLRQXVHGLQGHULYLQJWKHSRUHVL]HGLVWULEXWLRQFXUYHLWPXVW
EHQRWHGWKDWPDWULFVXFWLRQFRPSXWHGXVLQJ(TXDWLRQGRHVQRWLQFOXGHWKHHIIHFWRI
VRUSWLYH IRUFHV DQG LW LV PHUHO\ WKH FDSLOODU\ SKHQRPHQRQ 7KH ZDWHU FRQWHQW YHUVXV
PDWULFVXFWLRQFXUYHVIRUWKHWKUHHVSHFLPHQVWHVWHGLVVKRZQLQ)LJXUH
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PDWULF0,3WHVWDVSUHSDUHG
PDWULF0,3WHVWRYHQGULHG
PDWULF0,3WHVWVZROOHQ

)LJXUH:DWHUFRQWHQWYHUVXVPDWULFVXFWLRQFXUYHVGHWHUPLQHGIURP0,3WHVWUHVXOWV
 $V H[SHFWHG WKH ZDWHU FRQWHQW YHUVXV PDWULF VXFWLRQ FXUYH RI WKH DVSUHSDUHG
VSHFLPHQLVDOPRVWVLPLODUWRWKDWRIWKHRYHQGULHGVSHFLPHQVLQFHWKHLU36'VDUHDOPRVW

&KDSWHU0DWHULDOVXVHGDQGH[SHULPHQWDOSURJUDP

VLPLODU&RPSDULVRQRI WKHZDWHU FRQWHQWYHUVXVPDWULF VXFWLRQFXUYHZLWK WKDWGLUHFWO\
PHDVXUHG LV JLYHQ LQ &KDSWHU  ,W ZLOO ODWHU EH VKRZQ WKDW WKH ZDWHU FRQWHQW YHUVXV
VXFWLRQFXUYHVKRZQLQ)LJXUHFDQEHXVHGDVDSUHOLPLQDU\HVWLPDWHLQWKHDEVHQFH
RIPHDVXUHGGDWD
(VWLPDWHRI3HUPHDELOLW\IURPWKH0,37HVW5HVXOWV
 ,Q WKH HDUOLHU VXEFKDSWHU WKH HVWLPDWH RI VRLOZDWHU FKDUDFWHULVWLF FXUYH IURP WKH
36'GDWDKDVEHHQSUHVHQWHG+\GUDXOLFSURSHUWLHVRIDVRLOFRQVLVWPDLQO\RIVRLOZDWHU
FKDUDFWHULVWLFFXUYHDQGFRHIILFLHQWRISHUPHDELOLW\,WKDVEHHQVKRZQWKDWWKHODWWHUPD\
DOVR EH HVWLPDWHG IURP WKH 36' GDWD 5RPHUR HW DO  7KH FRPSXWDWLRQ RI
FRHIILFLHQWRISHUPHDELOLW\IURPWKH36'GDWDLQYROYHVDQLQWHJUDWLRQRIWKH36'FXUYH
6LQFH ZDWHU ORFDWHG LQ WKH PLFURSRUHV LV HVVHQWLDOO\ LPPRELOH 3XVFK  WKH
LQWHJUDWLRQ LV RQO\ SHUIRUPHG RQ WKH 36' RI WKH PDFURSRUHV 7KH HTXDWLRQ XVHG WR
FRPSXWH VDWXUDWHGFRHIILFLHQWRISHUPHDELOLW\ NV IURP WKH36'GDWDKDVEHHQJLYHQ LQ
&KDSWHU7KHHTXDWLRQLVUHZULWWHQKHUHLQIRUFODULW\
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ZKHUH UZ LV WKH GHQVLW\ RI ZDWHU PZ LV WKH DEVROXWH YLVFRVLW\ RI ZDWHU J LV WKH
JUDYLWDWLRQDODFFHOHUDWLRQQ0LVWKHVRLOPDFURSRURVLW\PLVWKHQXPEHURISRUHFODVVHV
DQG'SLLVWKHPHDQGLDPHWHURISRUHVRIFODVVL7KHGLDPHWHUVPDOOHVWSRUHLVUHSUHVHQWHG
E\'SQ
 7KHLQWHJUDWLRQSHUIRUPHGXVLQJWKHDERYHIRUPXODJLYHVDVDWXUDWHGFRHIILFLHQWRI
SHUPHDELOLW\RI[PVIRUWKHDVSUHSDUHGVSHFLPHQ7KHVDWXUDWHGFRHIILFLHQWRI
SHUPHDELOLW\ RI WKH RYHQGULHG DQG VZROOHQ VSHFLPHQV HVWLPDWHG IURP WKH 36' GDWD LV
[ PV DQG [ PV UHVSHFWLYHO\ 7KH YDOXHV DUH PXFK KLJKHU WKDQ WKH
PHDVXUHGYDOXHVVHH&KDSWHUIRUWKHGLVFXVVLRQ
 6WXG\RI)DEULFRIWKH%HQWRQLWH8VHGE\(QYLURQPHQWDO6FDQQLQJ(OHFWURQ
0LFURVFRS\(6(07HVW
 *HQHUDO
 7KH HQYLURQPHQWDO VFDQQLQJ HOHFWURQ PLFURVFRSH (6(0 LV D UHODWLYHO\ QHZ
VFDQQLQJ HOHFWURQ PLFURVFRS\ 6(0 WHFKQLTXH IRU TXDOLWDWLYH DVVHVVPHQW RI
PLFURVWUXFWXUH RI VRLO 'RHKQH DQG 6WXOLN  DQG:LOOLDPV DQG0LNQLV  7KH
(6(0FRXSOHGZLWK D GLJLWDO LPDJH DQDO\VLV ',$ KDV DOVR EHHQ XVHG WR HVWLPDWH WKH
VZHOOLQJVKULQNDJH SRWHQWLDO RI VRLOV DW DJJUHJDWH VFDOH 0RQWHV  7KH SULPDU\
DGYDQWDJH RI (6(0 RYHU WKH FRQYHQWLRQDO 6(0 WHFKQLTXH LV WKDW WKH (6(0 GRHV QRW
UHTXLUHWKHWHVWVDPSOHWREHXQGHUKLJKYDFXXP7KXVZHWRLO\GLUW\RUQRQFRQGXFWLYH

&KDSWHU0DWHULDOVXVHGDQGH[SHULPHQWDOSURJUDP

VDPSOHVFDQEHH[DPLQHGLQWKHLUQDWXUDOVWDWHZLWKRXWPRGLILFDWLRQRUVSHFLDOSUHSDUDWLRQ
:LOOLDPVDQG0LNQLV7KHVDPSOHHQYLURQPHQWFDQEHYDULHGWKURXJKDUDQJHRI
SUHVVXUHV WHPSHUDWXUHV JDV FRPSRVLWLRQ DQG KXPLGLW\ 7KH UHDVRQ RI XVLQJ(6(0 LQ
WKLV UHVHDUFK LV EHFDXVH WKH WHFKQLTXH DOVR HQDEOHV WKH VWXG\RI VZHOOLQJSKHQRPHQD DW
PLFURVFRSLFVFDOHWREHSHUIRUPHG7KHWHFKQLTXHLVXVHGWRJDLQLQIRUPDWLRQDERXWIDEULF
RIWKHEHQWRQLWHXVHG7KH0,3GDWDRQO\SURYLGHVLQIRUPDWLRQUHJDUGLQJWKHH[LVWHQFHRI
PLFURDQGPDFURSRUHVLQWKHEHQWRQLWHDQGWKH36'GLVWULEXWLRQ+RZHYHUWKHIDEULFRI
EHQWRQLWH DV DIIHFWHG IRU LQVWDQFH E\ ZDWHU FRQWHQW DQG GHQVLW\ FDQQRW EH LQIHUUHG
GLUHFWO\IURPWKH0,3WHVWUHVXOWV
 ([SHULPHQWDO7HFKQLTXHV
 (6(0 SKRWRV RI WKH EHQWRQLWH DQG WKH  EHQWRQLWHVDQGPL[WXUH DW GLIIHUHQW
VWDWHVZHUH WDNHQ LQ WKLV VWXG\ 7KH (6(0 SKRWRVZHUH WDNHQ XVLQJ DQ HQYLURQPHQWDO
VFDQQLQJHOHFWURQPLFURVFRSHW\SH;/IURP3KLOLSV)LJXUH7ZRSXUHEHQWRQLWH
RQHDWGULHGSRZGHU VWDWH RYHQGULHGDQGRQHDW VOXUULHGVWDWHZHUH ILUVW LQYHVWLJDWHG
7KHREVHUYDWLRQZDVPHDQWWRVWXG\IDEULFRIWKHEHQWRQLWHDVLQIOXHQFHGE\ZDWHUFRQWHQW
YDULDWLRQ 6RPH FRPSDFWHG VSHFLPHQV RI SXUH EHQWRQLWH DQG  EHQWRQLWHVDQG
PL[WXUHDW3URFWRUGHQVLWLHVZHUHDOVRVWXGLHG$GGLWLRQDOO\WKH(6(0SKRWRVZHUHDOVR
WDNHQRQWKHKHDYLO\FRPSDFWHGEHQWRQLWHVDQGVSHFLPHQVDWDVSUHSDUHGDVZHOODV
VZROOHQ VWDWHV7KH(6(0SKRWRV WDNHQRQ WKH VSHFLPHQVZLWKGLIIHUHQWGHQVLWLHVZHUH
DLPHGDWLQYHVWLJDWLQJWKHHIIHFWRIGHQVLW\RQWKHIDEULFRIEHQWRQLWH

)LJXUH(QYLURQPHQWDOVFDQQLQJHOHFWURQPLFURVFRSHW\SH;/IURP3KLOLSV
 $ VLPXODWLRQ RI VZHOOLQJ ZDV DOVR SHUIRUPHG RQ D KHDYLO\ FRPSDFWHG VSHFLPHQ
ZKHUH WKHUHODWLYHKXPLGLW\5+RI WKHVSHFLPHQ LQ WKH(6(0FKDPEHUZDV LQFUHDVHG
SURJUHVVLYHO\ 7KH (6(0 SKRWRV RI WKH VSHFLPHQ GXULQJ VLPXODWLRQ ZHUH WDNHQ 7KH
IROORZLQJ WDEOH VXPPDULVHV WKH FRQGLWLRQV RI WKH VSHFLPHQV XVHG LQ WKH (6(0
LQYHVWLJDWLRQ

&KDSWHU0DWHULDOVXVHGDQGH[SHULPHQWDOSURJUDP

7DEOH,QLWLDOFRQGLWLRQVRIWKHVSHFLPHQVXVHGLQWKH(6(0LQYHVWLJDWLRQ
6SHFLPHQ
FRGH
:DWHUFRQWHQW
Z
'U\GHQVLW\
UG0JP
5HPDUNV
(6(0   3XUHEHQWRQLWHSRZGHURYHQGULHG
(6(0   3XUHEHQWRQLWHVOXUULHG
(6(0   3XUHEHQWRQLWHFRPSDFWHGGU\VLGH
(6(0   3XUHEHQWRQLWHFRPSDFWHGZHWVLGH
(6(0   EHQWRQLWHVDQGFRPSDFWHGGU\
VLGH
(6(0   EHQWRQLWHVDQGFRPSDFWHGZHW
VLGH
(6(0   EHQWRQLWHVDQGKHDYLO\
FRPSDFWHGDVSUHSDUHG
(6(0   EHQWRQLWHVDQGKHDYLO\
FRPSDFWHGVZROOHQ
(6(0   EHQWRQLWHVDQGKHDYLO\
FRPSDFWHGIRUVZHOOLQJVLPXODWLRQ
FXWIURPWKHVDPHVSHFLPHQXVHGLQWKH0,3LQYHVWLJDWLRQ
 5HVXOWVDQG'LVFXVVLRQ
 ,Q WKLV VXEFKDSWHU TXDOLWDWLYH DQDO\VHVRI WKH(6(0SKRWRV WDNHQ DUHJLYHQZLWK
UHVSHFW WR WKH HIIHFWV RIZDWHU FRQWHQW GHQVLW\ DQG VZHOOLQJ RQ IDEULF RI WKH EHQWRQLWH
XVHGLQWKLVLQYHVWLJDWLRQ
(IIHFWRI:DWHU&RQWHQWRQ)DEULFRIWKH%HQWRQLWH
 )LJXUH D DQG )LJXUH E VKRZ WKH (6(0 SKRWRV RI SXUH EHQWRQLWH DW
SRZGHU RYHQGULHG IRUP DQG VOXUULHG IRUP LH VSHFLPHQV (6(0 DQG (6(0
UHVSHFWLYHO\ ,W LVGHSLFWHG LQ WKH ILJXUH WKDWHYHQDWDYHU\ ORRVHVWDWH )LJXUHD
DJJUHJDWLRQRUFOXVWHULQJRFFXUV7KHVL]HRIFOD\FOXVWHUVLVVHHQWREHLQKRPRJHQHRXV
DSSDUHQWO\ ZLWK D GLDPHWHU RI DV ODUJH DV PP WR DV VPDOO DV  PP $W KLJK ZDWHU
FRQWHQW WKH H[SDQGDEOH FOD\ PLQHUDOV H[SDQG DQG IRUP D µZDY\ IODNHOLNH¶ VWUXFWXUH
FRQVLVWLQJRIFOD\SODWHOHWVZLWKGLIIHUHQWRULHQWDWLRQV,WLQGLFDWHVWKHH[LVWHQFHRIHGJH
WRIDFH OD\HU DJJUHJDWLRQV WKDW SRVVLEO\ FRPSHWHV IDYRXUDEO\ ZLWK IDFHWRIDFH OD\HU
DJJUHJDWLRQV7KHVHSDUDWLRQRIFOD\VKHHWVIURPWKHFOXVWHUV LQWKHVOXUULHGVSHFLPHQLV
GHSLFWHGLQWKHILJXUHZKLFKLVLQDJUHHPHQWWRZKDWZDVREVHUYHGE\&XLHWDOD
IRU.XQLJHO+RVWXQ VDQGPL[WXUH 7KH H[LVWHQFH RI FOD\ FOXVWHUV LV QRW DSSDUHQW LQ WKH
VOXUULHGVSHFLPHQ)LJXUHE

&KDSWHU0DWHULDOVXVHGDQGH[SHULPHQWDOSURJUDP


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D
JXUH(6(0SKRWRRIWKHSXUHEHQWRQLWHV
IRUPRYHQGULHGDQGEVSHFLPHQ(6(0
(IIHFWRI'HQVLW\RQ)DEULFRIWKH%HQW
)LJXUH D DQG )LJXUH E VKRZ
PSDFWHGDW3URFWRUGHQVLWLHVRQGU\DQGZHWV
 UHVSHFWLYHO\&RPSDULVRQRI)LJXUHZL
PSDFWLRQRISXUHEHQWRQLWHIURPORRVHVWDWH
HLQGXFHVQRVLJQLILFDQWFKDQJHLQWKHIDEULF
HVSHFLPHQFRPSDFWHGRQGU\VLGHRIRSWLPXP
DW REVHUYHG LQ WKH SRZGHU VSHFLPHQ )LJXUH
OXPHRIPDFURSRUHVRULQWHUDJJUHJDWHSRUH
DIIHFWHG,WLVLOOXVWUDWHGLQ)LJXUHEWKDW
WHZLWKDVLJQLILFDQWO\ORZHUZDWHUFRQWHQWFR
QWRQLWHLQ WKHFRPSDFWHGVSHFLPHQVWLOOH[K
LVWHQFH RI FOD\ FOXVWHUV GHSLFWHG LQ )LJXUH 
YLRXVWKDQWKDWREVHUYHGLQ)LJXUHELH
)LJXUHDDQG)LJXUHEVKRZW
L[WXUHFRPSDFWHGDW3URFWRUGHQVLWLHVRQGU\
HFLPHQ(6(0 UHVSHFWLYHO\ ,QVWHDGRI WK
DQG)LJXUHLQRUGHUWRVKRZWKHVDQG
DJQLILFDWLRQ XVHG LQ WKH SUHVHQWDWLRQ RI (6
(0 LV ;  ,W LV GHSLFWHG LQ )LJXUH 
L[WXUHDUHVXUURXQGHGE\FOD\FOXVWHUVRIGLIIH
FOD\ LVDOVRVHHQ LQ WKHVSHFLPHQZLWKKLJKH
LJXUHEZ 
E
SHFLPHQVDVSHFLPHQ(6(0SRZGHU
VOXUULHGIRUPPDJQLILFDWLRQ;
RQLWH
 WKH (6(0 SKRWRV RI SXUH EHQWRQLWH
LGHLHVSHFLPHQV(6(0DQG(6(0
WK)LJXUH LQGLFDWHV WKDW HVVHQWLDOO\
WRD3URFWRUGHQVLW\HLWKHURQGU\RUZHW
RIEHQWRQLWH7KHVL]HRIFOD\FOXVWHUVRI
)LJXUHDLVHVVHQWLDOO\VLPLODUWR
 D &RPSDFWLRQ RQO\ UHGXFHV WKH
VZKLOHWKHLQWUDDJJUHJDWHSRUHVUHPDLQ
DOWKRXJKWKHVSHFLPHQZDVDWFRPSDFWHG
PSDUHGWRWKDWRI6SHFLPHQ(6(0WKH
LELWV WKHµZDY\IODNHOLNH¶VWUXFWXUH7KH
E LH VSHFLPHQ (6(0 LV PRUH
VSHFLPHQ(6(0
KH(6(0SKRWRVRIEHQWRQLWHVDQG
DQGZHWVLGHLHVSHFLPHQ(6(0DQG
H;PDJQLILFDWLRQDVXVHG LQ)LJXUH
JUDLQVLQWKHVSHFLPHQPRUHFOHDUO\WKH
(0 SKRWRV RI VSHFLPHQV (6(0 DQG
D WKDW VDQG JUDLQV LQ WKH FRPSDFWHG
UHQWVL]HV7KHµZDY\IODNHOLNH¶VWUXFWXUH
UZDWHUFRQWHQW LH VSHFLPHQ(6(0

&KDSWHU0DWHULDOVXVHGDQGH[SHULPHQWDOSURJUDP

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D

E
LJXUH(6(0SKRWRRIFRPSDFWHGSXUHEHQWRQLWHDW3URFWRUGHQVLW\DVSHFLPHQ
(6(0GU\VLGHDQGEVSHFLPHQ(6(0ZHWVLGHPDJQLILFDWLRQ; 

Z 
UG 0JP
D
Q
LJXUH(6(0SKRWRRIFRPSDFWHGE
DVSHFLPHQ(6(0GU\VLGHDQGE
PDJQLILFDWLRQ
(IIHFWRI6ZHOOLQJRQ)DEULFRIWKH%HQ
)LJXUHDVKRZVWKH(6(0SKRWRRI
OFLJHOVDQGPL[WXUHDWLWVDVSUHSDUHGVWDWH7
VKRZQ LQ )LJXUH E &OD\ FOXVWHUV ZLW
YHORSHGDIWHUWKHDVSUHSDUHGVSHFLPHQZ 
DFKHGDZDWHUFRQWHQWRI7KHILJXUHDOVR
VWHUV GXH WR ZHWWLQJ XQGHU XQFRQILQHG FR
SRWKHVLVGUDZQHDUOLHUWKDWGXULQJVZHOOLQJZ
DFURSRUHVRI WKHVSHFLPHQUHVXOWLQJ LQDQLQF
\FOXVWHUV,IWKHVZROOHQVSHFLPHQLVDWDK\G
WDOVXFWLRQKDVWKHVDPHYDOXHIRUWKHPLFURD
Z 
UG 0JPZ 
UG 0JP6DQGJUDL
E
HQWRQLWHVDQGPL[WXUHDW3URFWRUGHQVLW\
VSHFLPHQ(6(0ZHWVLGH
;
WRQLWH
WKHKHDYLO\FRPSDFWHGVSHFLPHQRI
KH(6(0SKRWRRIWKHVZROOHQVSHFLPHQ
K D µZDY\ IODNHOLNH¶ VWUXFWXUH ZDV QRW
ZDVDOORZHGWRDEVRUEZDWHUXQWLOLW
GHSLFWVQRDSSDUHQWGLVLQWHJUDWLRQRIFOD\
QGLWLRQV 7KLV REVHUYDWLRQ VXSSRUWV WKH
DWHUZDVDEVRUEHGLQERWKWKHPLFURDQG
UHDVHLQ WKHVL]HDQGDVHSDUDWLRQRI WKH
UDXOLFHTXLOLEULXPWKHZDWHUSRWHQWLDORU
QGPDFURSRUHVLQWKHVSHFLPHQ
&KDSWHU0DWHULDOVXVHGDQGH[SHULPHQWDOSURJUDP
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)LJXUH(6(0SKRWRRIKHDYLO\FRPSDF
VSHFLPHQ(6(0DVSUHSDUHGVWDWHDQG
PDJQLILFDWLRQ
7KH IDEULF RI VZROOHQ VSHFLPHQ LH VSH
VHHPVWREHVLPLODUWRWKDWRIVSHFLPHQ(6(
H ZDWHU FRQWHQW DQG WKH GU\ GHQVLW\ RI ERW
QFOXGHGWKDWWKHGHYHORSPHQWRIµZDY\IODNH
QWHQW DQG QR VLJQLILFDQW LQIOXHQFH RI GU\ GHQ
OH1RGLVFHUQLEOHOLPLWRIZDWHUFRQWHQWZKLF
VEHHQGHWHUPLQHGIRUWKHEHQWRQLWH
)LJXUH D WR )LJXUH G VKRZV
HFLPHQ RI  EHQWRQLWHVDQG PL[WXUH
DJQLILFDWLRQXVHGLH;ZDVKLJKHUWKD
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ILOWHU SDSHUV ZLWK UHVSHFW WRPDWULF VXFWLRQ /HRQJ HW DO  SORWWHG WKH FDOLEUDWLRQ
FXUYHVIRUWKHILOWHUSDSHUVWKDWZHUHREWDLQHGLQDVLPLODUPDQQHUWRWKDWFDUULHGRXWE\
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LHKLJKHUWKDQN3D$OOWKHFDOLEUDWLRQGDWDIDOOZLWKLQ
FRQILGHQFHLQWHUYDOV







     
)LOWHUSDSHUZDWHUFRQWHQWZIS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VWDQGDUGVL]HGPP
LQGLDPHWHU
VPDOOVL]HGPPLQ
GLDPHWHU
EHVWILWWRWDO
EHVWILWPDWULF
$670FDOLEUDWLRQFXUYHD[LVWUDQVODWLRQWHFKQLTXH
LQSUHVVXUHSODWHDSSDUDWXV
YDSRUHTXLOLEULXP
WHFKQLTXH
LQGHVLFFDWRU
N3D
PDWULFVXFWLRQ
WRWDOVXFWLRQ

)LJXUH0DWULFDQGWRWDOVXFWLRQFDOLEUDWLRQFXUYHVRIWKH:KDWPDQ1RILOWHUSDSHU
([SHULPHQWDO3URFHGXUHV 
 7ZR FP WKLFN VOLFHV RI VRLO ZHUH FDUHIXOO\ FXW IURP WKH VWDQGDUGVL]HG
G\QDPLFDOO\FRPSDFWHGVSHFLPHQVXVLQJDVKDUSEODGH$VWDQGDUGVL]HGLHPPLQ
GLDPHWHU ILOWHU SDSHU ZDV VDQGZLFKHG EHWZHHQ WZR SURWHFWLYH ILOWHU SDSHUV DOVR
:KDWPDQ 1R  ZLWK D ODUJHU GLDPHWHU DQG ZDV SODFHG EHWZHHQ WKH WZR VOLFHV RI

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

VSHFLPHQ WRPHDVXUHPDWULF VXFWLRQ 7KH JDS EHWZHHQ WKH WZR VOLFHV RI VSHFLPHQZDV
VHDOHGXVLQJDSODVWLFVHDOWRSUHYHQWPRLVWXUHORVV)RUWRWDOVXFWLRQPHDVXUHPHQWVD
PPGLDPHWHUILOWHUSDSHUZDVPRXQWHGRQDVWDLQOHVVVWHHOZLUHPHVKSODFHGGLUHFWO\RQ
WKHXSSHU VXUIDFHRI WKH VSHFLPHQ$SURWHFWLYH ILOWHUSDSHUZLWK D ODUJHUGLDPHWHUZDV
DOVRSODFHGRQWKHPHDVXULQJILOWHUSDSHU WRDYRLGGLUHFWFRQWDFWEHWZHHQWKHPHDVXULQJ
ILOWHUSDSHUDQGWKHFRQWDLQHUOLG7KHHQWLUHVSHFLPHQZDVVXEVHTXHQWO\SODFHGLQDVHDOHG
DLUWLJKW FRQWDLQHU WKDW ZDV DOPRVW WKH VDPH VL]H DV WKH VSHFLPHQ 7KH FRQWDLQHU ZDV
LPPHUVHG LQ WKH ZDWHU EDWK DW FRQVWDQW WHPSHUDWXUH LH   R& IRU ILYH ZHHNV
VLPLODU WR WKDW RI WKH FDOLEUDWLRQ SURFHVV 7KH H[SHULPHQWDO VHWXS RI WKH ILOWHU SDSHU
VXFWLRQPHDVXUHPHQWVSHUIRUPHGLQWKLVLQYHVWLJDWLRQLVVKRZQLQ)LJXUH

)LJXUH([SHULPHQWDOVHWXSIRUWKHILOWHUSDSHUPDWULFDQGWRWDOVXFWLRQPHDVXUHPHQWV
 ,WZDV IRXQG WKDWJRRGFRQWDFWEHWZHHQ WKH ILOWHUSDSHUDQG WKH VRLO LQ WKHPDWULF
VXFWLRQPHDVXUHPHQWZDV QRW DWWDLQHG LQ WKH G\QDPLFDOO\ FRPSDFWHG VSHFLPHQV 6RPH
VSHFLPHQVHYHQVKRZHGOHDNDJHWKURXJKWKHVHDOLQJ+HQFHDVOLJKWO\GLIIHUHQWDSSURDFK
ZDV DGRSWHG IRU WKH VWDWLFDOO\ FRPSDFWHG VSHFLPHQV 7KH PL[WXUHV ZHUH VWDWLFDOO\
FRPSDFWHGLQWZROD\HUVLQDVWDLQOHVVVWHHOULQJZLWKDGLDPHWHURIPP7KHWDUJHWHG
GU\ GHQVLWLHVZHUH EDVHG RQ WKH SUHGHWHUPLQHG FRPSDFWLRQ FXUYHV$IWHU WKH ILUVW OD\HU
ZDVFRPSDFWHGDPPGLDPHWHUILOWHUSDSHUVDQGZLFKHGEHWZHHQWZRODUJHUGLDPHWHU
ILOWHU SDSHUV LH PP GLDPHWHU ZDV SODFHG RQ WKH VSHFLPHQ IRU PDWULF VXFWLRQ
PHDVXUHPHQW7KHVHFRQGOD\HUZDVVXEVHTXHQWO\FRPSDFWHGVXFKWKDWVSHFLPHQVZLWKD
KHLJKWRIPPZHUHSURGXFHG3URFHGXUHVVLPLODUWRWKDWLPSOHPHQWHGLQWKHFDVHRIWKH
G\QDPLFDOO\FRPSDFWHGVSHFLPHQVZHUHDOVRDGRSWHGIRUSODFLQJWKHVHFRQGILOWHUSDSHU
XVHGIRU WKH WRWDOVXFWLRQPHDVXUHPHQW7KHVWDWLFDOO\FRPSDFWHGVSHFLPHQVDUHVPDOOHU
WKDQWKHG\QDPLFDOO\FRPSDFWHGVSHFLPHQVDQGDFFRUGLQJO\DVPDOOHUDLUWLJKWFRQWDLQHU
ZDVXVHGZLWKDEHWWHUVHDOLQJ6LPLODUO\WKHHQWLUHVHWXSZDVSODFHGLQWKHZDWHUEDWKWR

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

PDLQWDLQFRQVWDQWWHPSHUDWXUHGXULQJPHDVXUHPHQW,QWKLVFDVHDILYHZHHNHTXLOLEUDWLRQ
WLPH ZDV DOVR XVHG 7KLV SHULRG ZDV PXFK ORQJHU WKDQ WKH WZRZHHN PLQLPXP
HTXLOLEUDWLRQWLPHVSHFLILHG LQ$670'$6707KHZDWHUFRQWHQWVRI
WKH WZR PHDVXULQJ ILOWHU SDSHUV ZHUH GHWHUPLQHG DQG VXFWLRQV ZHUH FDOFXODWHG XVLQJ
(TXDWLRQV DQG 7KHZDWHUFRQWHQWRIHDFKVSHFLPHQZDVDOVRPHDVXUHGDV LW
PLJKW GLIIHU IURP WKH FRPSDFWLRQ ZDWHU FRQWHQW 1R VLJQLILFDQW GLIIHUHQFHV LQ ZDWHU
FRQWHQWZHUHREVHUYHGLQWKHVSHFLPHQV
 3V\FKURPHWHU7HFKQLTXH
 7KHSV\FKURPHWHUVXVHGLQWKLVVWXG\ZHUHWKHUPRFRXSOHSV\FKURPHWHUVW\SH3&7
IURP:HVFRU,QFZLWKDFHUDPLFVFUHHQDWWKHWLS7KHSV\FKURPHWHUVHW)LJXUH
FRQVLVWHG RI WHQ 3&7 WKHUPRFRXSOH SV\FKURPHWHUV D UHDGLQJ GHYLFH LH D PLFUR
YROWPHWHUW\SH+57DQGDUHDGLQJVZLWFKW\SH36ERWKDOVRIURP:HVFRU,QF

5HDGLQJGHYLFH
PLFURYROWPHWHU
6ZLWFKER[
7KHUPRFRXSOH
SV\FKURPHWHUV3RZHUDGDSWRU
)LJXUH3V\FKURPHWHUVHWXVHGLQWKLVVWXG\
&DOLEUDWLRQ
 7KHSV\FKURPHWULFPHDVXUHPHQWRIWRWDOVXFWLRQVWDUWHGZLWKLQGLYLGXDOFDOLEUDWLRQ
RI WKH SV\FKURPHWHUV XVLQJ VDOW VROXWLRQV LH WKH 9(7 7KH WHQ SV\FKURPHWHUV ZHUH
VXVSHQGHGRYHUWKHVDOWVROXWLRQLQDGHVLFFDWRUIRURQHGD\6XVSHQGLQJWKHSV\FKURPHWHU
DERYHVDOWVROXWLRQZDVIRXQGWREHOHVVGHVWUXFWLYHWKDQVXEPHUJLQJLWLQWKHVDOWVROXWLRQ
7DQJHWDO7RWDOVXFWLRQOHVVWKDQDERXWN3DZDVJHQHUDWHGLQWKLVPHWKRG
IRU WKH FDOLEUDWLRQ )UHGOXQG DQG 5DKDUGMR  DQG 5LGOH\ DQG :UD\  7KH
FDOLEUDWLRQ RI SV\FKURPHWHUV ZDV SHUIRUPHG E\ PHDVXULQJ WKH HOHFWURPRWLYH IRUFH
JHQHUDWHG ZKLFK FRUUHVSRQGHG WR WKH WRWDO VXFWLRQ LQGXFHG E\ WKH VDOW VROXWLRQ LQ WKH
GHVLFFDWRU7ZRPRGHVRIPHDVXUHPHQWQDPHO\GHZSRLQWDQGSV\FKURPHWHUPRGHVFDQ

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

EH GRQH LQ WKH SV\FKURPHWHU WHFKQLTXH ,Q WKH GHZ SRLQW PRGH WKH VLJQDO LH WKH
HOHFWURPRWLYHIRUFHJHQHUDWHGFRQYHUJHVWRDYDOXHFRUUHVSRQGLQJWRWKHGHZSRLQWRIWKH
YDSRXUVSDFH LQ WKHVSHFLPHQ ,Q WKHSV\FKURPHWHUPRGHD µSODWHDX¶VLJQDO LVREWDLQHG
EHIRUH WKH HOHFWURPRWLYH IRUFH GHFUHDVHV UDSLGO\ WRZDUGV D ]HUR YDOXH ,Q WKH
SV\FKURPHWHU PRGH WKHUH LV D QHHG WR FRUUHFW WKH UHDGLQJV WR WKH DFWXDO WHPSHUDWXUH
ZKHUHDVLQWKHGHZSRLQWPRGHWKHHIIHFWRIWHPSHUDWXUHRQWKHSV\FKURPHWHUUHDGLQJVLV
DFFRXQWHGIRUE\VHWWLQJWKHSV\FKURPHWHUFRROLQJFRHIILFLHQWSULRUWRPHDVXUHPHQW7KH
FRUUHFWHGUHDGLQJ5FRUUHFWHGLQWKHSV\FKURPHWHUPRGHDVDIIHFWHGE\WHPSHUDWXUHFDQEH
FRPSXWHGXVLQJWKHIROORZLQJHTXDWLRQ:HVFRU
   
SV\
FRUUHFWHG
5
5
7
 

 
ZKHUH5SV\DQG5FRUUHFWHGDUHLQN3DDQG7LVWKHWHPSHUDWXUHLQR&
 7KHFDOLEUDWLRQFXUYHVIRUWKHWHQSV\FKURPHWHUVXVHGJHQHUDOO\VKRZHGDQLQWHUFHSW
LQGLFDWLQJWKDWWKHHOHFWURPRWLYHIRUFHDW]HURWRWDOVXFWLRQZDVQRWHTXDOWR]HURVLPLODU
WR WKDW IRXQG E\ 7DQJ HW DO  7KH VORSHV RI FDOLEUDWLRQ FXUYHV IRU WKH WHQ
SV\FKURPHWHUVXVHGZHUHIRXQGWREHOHVVWKDQWKRVHGHVFULEHGLQWKHVSHFLILFDWLRQLH
 9EDU IRU GHZ SRLQW PRGH DQG  9EDU IRU SV\FKURPHWHU PRGH :HVFRU
 7DEOH  VKRZV VWDWLVWLFV RI WKH WKHUPRFRXSOH SV\FKURPHWHU FDOLEUDWLRQ FXUYHV
REWDLQHG*HQHUDOO\DOOFDOLEUDWLRQGDWDIDOOZLWKLQFRQILGHQFHLQWHUYDOV
7DEOH6WDWLVWLFVRIWKHWKHUPRFRXSOHSV\FKURPHWHUFDOLEUDWLRQFXUYHV
'HZSRLQWPRGH 3V\FKURPHWHUPRGH
3V\FK1R =HUR
RIIVHWF
P9
6ORSH
P
P9EDU
U
=HUR
RIIVHWF
P9
6ORSH
P
P9EDU
U
      
      
      
      
      
 1RWIXQFWLRQLQJ
      
      
      
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   
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
&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

([SHULPHQWDO3URFHGXUHV
 7ZR KROHV ZHUH GULOOHG LQ HDFK G\QDPLFDOO\ FRPSDFWHG PL[WXUH WR EXU\ WZR
SV\FKURPHWHUV 7KH FRPSDFWHG PL[WXUH ZLWK WKH SV\FKURPHWHUV ZDV VXEVHTXHQWO\
ZUDSSHG ZLWK SODVWLF DQG DOXPLQLXP IRLO WR DYHUW PRLVWXUH ORVV 7R DWWDLQ FRQVWDQW
WHPSHUDWXUHGXULQJPHDVXUHPHQWWKHZUDSSHGFRPSDFWHGVDPSOHZDVSODFHGLQDZDWHU
WLJKW FRQWDLQHU DQG WKH FRQWDLQHU ZDV LPPHUVHG LQ WKH ZDWHU EDWK $Q DGGLWLRQDO
WHPSHUDWXUH VHQVRU ZDV SODFHG RYHU WKH ZDWHU VXUIDFH LQ WKH ZDWHU EDWK WR HQVXUH
WHPSHUDWXUH HTXLOLEULXP EHWZHHQ WKH ZDWHU EDWK DQG WKH VSHFLPHQ 7KH H[SHULPHQWDO
VHWXS IRU WKH WRWDO VXFWLRQ PHDVXUHPHQW XVLQJ SV\FKURPHWHUV LV VKRZQ LQ )LJXUH 
6XIILFLHQWWLPHLVUHTXLUHGWRLVRWKHUPDOO\HTXLOLEUDWHWKHSV\FKURPHWHUVZLWKWKHPL[WXUH
7KH KLJKHU LV WKHPHDVXUHG WRWDO VXFWLRQ WKH ORQJHU ZLOO EH WKH UHTXLUHG HTXLOLEUDWLRQ
SHULRG

)LJXUH([SHULPHQWDOVHWXSIRUWKHSV\FKURPHWHUWRWDOVXFWLRQPHDVXUHPHQW
 7KHPHDVXUHPHQWZDVSHUIRUPHGZKHQWKHWHPSHUDWXUHRIWKHV\VWHPZDVDERXWWKH
VDPH DV WKH WHPSHUDWXUH RI VSHFLPHQZKLFKZDVPHDVXUHG E\ WKH SV\FKURPHWHUV 7KH
LQWHUQDO WHPSHUDWXUH HTXLOLEULXP LQ WKH SV\FKURPHWHUV ZDV REVHUYHG WKURXJK WKH
LQGLYLGXDO ]HUR RIIVHW $ YDOXH RI ]HUR RIIVHW JUHDWHU WKDQ  9 LQGLFDWHG WKDW WKH
GLIIHUHQFH LQ WHPSHUDWXUHEHWZHHQ WKHPHDVXULQJDQG UHIHUHQFH MXQFWLRQVZDVH[FHVVLYH
:HVFRU  7KH WLPH UHTXLUHG IRU HVWDEOLVKLQJ D WKHUPDO DQG YDSRXU HTXLOLEULXP
EHWZHHQWKHSV\FKURPHWHUWKHVRLOVSHFLPHQDQGWKHYDSRXUVSDFHLHWKHZDWHUYDSRXU
LQ WKH KROHV GHSHQGV RQ WKH PDJQLWXGH RI WRWDO VXFWLRQ EHLQJ PHDVXUHG *HQHUDOO\ D
ORQJHU HTXLOLEUDWLRQSHULRG LV UHTXLUHGZKHQPHDVXULQJ KLJKHU WRWDO VXFWLRQ$RQHGD\
HTXLOLEUDWLRQ SHULRG ZDV XVHG WKURXJKRXW WKH VWXG\ DQG QR DWWHPSWV ZHUH PDGH WR
GHWHUPLQHWKHRSWLPXPHTXLOLEUDWLRQSHULRGIRUWKHPDWHULDOWHVWHG7KHPHDVXUHPHQWZDV
SHUIRUPHGE\FRROLQJGRZQWKHPHDVXULQJMXQFWLRQLQWKHSV\FKURPHWHUIRUDQDGHTXDWH

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

FRROLQJ WLPHZKLFK LV DOVR D IXQFWLRQ RI WRWDO VXFWLRQ EHLQJPHDVXUHG :HVFRU 
$IWHUWKHFRROLQJVWDJHWKHFRQGHQVHGZDWHULQWKHPHDVXULQJMXQFWLRQGHSHQGLQJRQWKH
WRWDOVXFWLRQPHDVXUHGLQWKHMXQFWLRQHYDSRUDWHGDQGFDXVHGDGURSLQWKHWHPSHUDWXUHRI
WKH MXQFWLRQ 7KH HOHFWURPRWLYH IRUFH GXH WR WKH UHGXFWLRQ RI WHPSHUDWXUH RI WKH
PHDVXULQJ MXQFWLRQ ZDV PHDVXUHG XVLQJ D PLFURYROWPHWHU 7KH FDOLEUDWLRQ FXUYHV
SUHYLRXVO\ REWDLQHG IRU WKH SV\FKURPHWHUV ZHUH XVHG WR FRQYHUW WKH PHDVXUHG
HOHFWURPRWLYHIRUFHWRWRWDOVXFWLRQ7KHW\SLFDOSV\FKURPHWHUUHDGLQJIRU WKHGHZSRLQW
DQGSV\FKURPHWHUPRGHVLVVKRZQLQ)LJXUHDDQG)LJXUHEUHVSHFWLYHO\
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3V\FKURPHWHU
UHDGLQJ

E
)LJXUH7\SLFDOSV\FKURPHWHUUHDGLQJDGHZSRLQWPRGHDQGESV\FKURPHWHUPRGH
 5HODWLYH+XPLGLW\5+6HQVRU
 7KH UHODWLYH KXPLGLW\ 5+ VHQVRU WRJHWKHU ZLWK LWV DFFRPSDQ\LQJ WHPSHUDWXUH
VHQVRUXVHGLQWKLVVWXG\KDVEHHQLQWHQVLYHO\DGRSWHGLQPHWHRURORJLFDODSSOLFDWLRQVIRU
PHDVXULQJ GHZ SRLQW RI DLU ZKHUH WHPSHUDWXUH DQG UHODWLYH KXPLGLW\ IOXFWXDWH UDSLGO\
7KH5+DQGWHPSHUDWXUHVHQVRUXVHGZDVDFDSDFLWDQFHVHQVRU+XPLFDS+03DQGD
7 WHPSHUDWXUH VHQVRU UHVSHFWLYHO\ ERWK IURP 9DLVDOD 2\M )LJXUH  'XHFN DQG
%|UJHVVRQ  XVHG D VLPLODU VHQVRU WR PRQLWRU WRWDO VXFWLRQ RI D VZHOOLQJ FOD\
VSHFLPHQ ZHWWHG XQGHU FRQVWDQW YROXPH FRQGLWLRQV 7KH 5+ VHQVRU PHDVXUHV UHODWLYH
KXPLGLW\5+RIYDSRXUVSDFHLQWKHVSHFLPHQZKLFKLVWKHQFRQYHUWHGWRVXFWLRQXVLQJ
.HOYLQ¶VHTXDWLRQ(TXDWLRQLQ&KDSWHU

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV


'LJLWDOGLVSOD\
5+
VHQVRU
7VHQVRU
)LJXUH5+DQG7VHQVRUVXVHGLQWKLVVWXG\
 7KHZDUPLQJIXQFWLRQNHHSVWKH5+VHQVRUKHDGGU\ZKHQH[FHVVLYHFRQGHQVDWLRQ
LV GHWHFWHG WKXV LW FDQ PHDVXUH ORZ WRWDO VXFWLRQV RU KLJK 5+ YDOXHV )RU VHQVRUV
ZLWKRXWZDUPLQJIXQFWLRQFRQGHQVDWLRQPD\RFFXUZKHQPHDVXULQJKLJK5+LHDERYH
7KHFRQGHQVDWLRQFDXVHVHUURQHRXVUHDGLQJVVLQFHWKHPHDVXUHPHQWVVKRZWRRKLJK
5+YDOXHV7KH5+VHQVRUXVHGKDGDGLDPHWHURIPPDQGDOHQJWKRIPPZLWKD
VLQWHUHGVWDLQOHVVVWHHOFDS7KH WHPSHUDWXUHVHQVRUXVHGKDGDGLDPHWHURIPPDQGD
OHQJWKRIPP7KHKHDGRIWKH5+VHQVRUFRPHVZLWKDVWDLQOHVVVWHHOVLQWHUHGILOWHU
5HDGLQJV DUH VKRZQ RQ D GLJLWDO GLVSOD\ DQG DXWRPDWLF GDWD FROOHFWLRQ FDQ EH GRQH
WKURXJKDSHUVRQDOFRPSXWHU
9HULILFDWLRQ
 7KH 5+ VHQVRU ZDV ILUVW FKHFNHG IRU LWV UHVSRQVH WR VHYHUDO NQRZQ 5+ YDOXHV
JHQHUDWHG E\ VDOW VROXWLRQV ,W ZDV IRXQG WKDW WKH VHQVRU UHVSRQGHG DFFXUDWHO\ WR WKH
JHQHUDWHG UHODWLYH KXPLGLWLHV DQG H[KLELWHG LQVLJQLILFDQW K\VWHUHVLV 7KH YHULILFDWLRQ
UHVXOWVKDYHEHHQUHSRUWHGLQ$JXVDQG6FKDQ]E7KHIROORZLQJILJXUHVKRZVWKH
UHVSRQVHRI5+VHQVRUWRVHYHUDONQRZQ5+YDOXHVDQGW\SLFDOUHDGLQJVRIWKHVHQVRU

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV
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
E
)LJXUHD5HVSRQVHRIWKH5+VHQVRUWRVHYHUDONQRZQ5+YDOXHVDQGEW\SLFDO
UHDGLQJVRIWKH5+VHQVRU$JXVDQG6FKDQ]E
([SHULPHQWDO3URFHGXUHV
 7ZRKROHVRQHPPGLDPHWHUDQGRQHPPGLDPHWHUERWKPPGHHSZHUH
GULOOHGLQHDFKG\QDPLFDOO\FRPSDFWHGVSHFLPHQDWDQDUELWUDU\GLVWDQFHRIPPIRUWKH
LQVHUWLRQ RI ERWK VHQVRUV 7KH ODUJHU GLDPHWHU KROH ZDV IRU WKH 5+ VHQVRU ZKLOH WKH
VPDOOHURQHZDV IRU HPEHGGLQJ WKH WHPSHUDWXUH VHQVRU7KHFOHDUDQFHEHWZHHQ WKH WZR
VHQVRUVPXVW EH VXIILFLHQW WR SUHYHQW WKH WHPSHUDWXUH VHQVRU IURP EHLQJ KHDWHG E\ WKH
ZDUPLQJ IXQFWLRQ LQ WKH 5+ VHQVRU GXULQJPHDVXUHPHQW $ SHUIRUDWHG 39& SLSH ZDV
LQVHUWHGLQWRWKHODUJHUGLDPHWHUKROHWRDFFRPPRGDWHWKH5+VHQVRUDQGWRDYRLGGLUHFW
FRQWDFWEHWZHHQWKHVHQVRUDQGWKHFRPSDFWHGPL[WXUH3URFHGXUHVVLPLODUWRWKRVHXVHG
LQ WKH SV\FKURPHWHU WHFKQLTXH ZHUH DGRSWHG WR SUHYHQW PRLVWXUH ORVV DQG WR PDLQWDLQ
FRQVWDQW WHPSHUDWXUH GXULQJPHDVXUHPHQW 7KH H[SHULPHQWDO VHWXS IRU WKH WRWDO VXFWLRQ
PHDVXUHPHQWXVLQJWKH5+VHQVRULVVKRZQLQ)LJXUH7KHPHDVXUHPHQWRI5+ZDV
FDUULHGRXWLPPHGLDWHO\DIWHUFRPSDFWLRQDQGWHUPLQDWHGDIWHUVWDEOH5+DQGWHPSHUDWXUH
UHDGLQJVZHUHDWWDLQHG7\SLFDOO\WRPLQXWHVZHUHUHTXLUHGWRPHDVXUHWRWDOVXFWLRQ
LQWKHFRPSDFWHGEHQWRQLWHVDQGPL[WXUHV)LJXUH

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV


)LJXUH([SHULPHQWDOVHWXSIRUWRWDOVXFWLRQPHDVXUHPHQWXVLQJGHZSRLQWVHQVRU
 &KLOOHG0LUURU+\JURPHWHU7HFKQLTXH
7KH FKLOOHGPLUURU K\JURPHWHU XVHG LQ WKLV VWXG\ZDV DZDWHU DFWLYLW\PHWHU W\SH
7( SURGXFHG E\ 'HFDJRQ 'HYLFHV ,QF )LJXUH  7KH HTXLSPHQW KDV D VSHFLDO
VSHFLPHQFORVHGFKDPEHURIDERXWFFLQYROXPHZKHUHWKHVRLOVSHFLPHQLVFRQWDLQHG

)LJXUH7KHFKLOOHG

6RLOVSHFLPHQPLUURUK6SHFLDOVSHFLPHQ
FKDPEHUV
\JURPHWHUXVHGLQWKLVVWXG\
&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

9HULILFDWLRQ
 3ULRU WR XVH WKH FKLOOHGPLUURU K\JURPHWHU ZDV YHULILHG IRU LWV SHUIRUPDQFH LQ
PHDVXULQJ WRWDO VXFWLRQ 7KH YHULILFDWLRQ ZDV FDUULHG RXW XVLQJ VWDQGDUG VDOW VROXWLRQV
SURYLGHGE\WKHPDQXIDFWXUHU7KHUHDGLQJVREWDLQHGIRUWKHVWDQGDUGVDOWVROXWLRQVZHUH
IRXQGWRYDU\OHVVWKDQ5+ZLWKDUHVSRQVHWLPHRIQRORQJHUWKDQPLQXWHV7KH
TXLFNPHDVXUHPHQWWLPHRIWKHGHYLFHHQDEOHGDORWRIWRWDOVXFWLRQPHDVXUHPHQWVWREH
FRQGXFWHGLQDTXLWHVKRUWWLPHGXUDWLRQ
([SHULPHQWDO3URFHGXUHV
 7KHPHDVXUHPHQW RI WRWDO VXFWLRQXVLQJ WKLV WHFKQLTXHZDV VWDUWHGE\SODFLQJ WKH
FKDPEHU ZLWK WKH VRLO VSHFLPHQ LQWR WKH GHYLFH ,Q WKH FDVH RI FRPSDFWHG VSHFLPHQV
VPDOO SLHFHV RI VSHFLPHQ ZHUH FXW IURP WKH VWDWLFDOO\ FRPSDFWHG VSHFLPHQ DW WKH DV
FRPSDFWHGFRQGLWLRQVDQGZHUHSODFHGLQWKHVHDOHGFKDPEHUDOVRDERXWKDOIFDSDFLW\
([WUDFDUHZDVWDNHQZKHQFXWWLQJWKHFRPSDFWHGVSHFLPHQVZLWKKLJKVDQGFRQWHQWDVWKH
FXWWLQJPLJKW LQWURGXFHVWUXFWXUDOGLVWXUEDQFH WR WKHVSHFLPHQV7KHUHZDVFRQFHUQ WKDW
GLVWXUEDQFHPLJKW DIIHFW WKH FDSLOODU\ FRPSRQHQW RI VXFWLRQ 7KH VRLO LQ WKH VSHFLPHQ
FKDPEHULQWKHGHYLFHZDVDOORZHGWRUHDFKLVRWKHUPDOHTXLOLEULXPZKLFKZDVGHILQHGDV
WKH GLIIHUHQFH EHWZHHQ WHPSHUDWXUH RI WKH YDSRXU VSDFH DQG WKH VSHFLPHQ 7KH GHYLFH
VKRZHG WKH GLIIHUHQFH LQ WHPSHUDWXUH EHWZHHQ WKH KHDGVSDFH DQG WKH PLUURU ,W LV
VXJJHVWHG WKDW WKH PLUURU WHPSHUDWXUH EH VHW WR D VOLJKWO\ KLJKHU YDOXH WKDQ WKH
WHPSHUDWXUHRIWKHYDSRXUVSDFHSDUWLFXODUO\ZKHQPHDVXULQJKLJKUHODWLYHKXPLGLWLHVRU
ORZ WRWDO VXFWLRQV DV FRQGHQVDWLRQ PD\ RFFXU RQ WKH PLUURU 7KH FKDPEHU ZDV
VXEVHTXHQWO\ FORVHG DQG DIWHU UHDFKLQJ HTXLOLEULXP WKH UHODWLYH KXPLGLW\ DQG WKH
WHPSHUDWXUH RI WKH YDSRXU VSDFH ZHUH GLVSOD\HG $Q DYHUDJH HTXLOLEUDWLRQ WLPH RI 
PLQXWHV ZDV UHTXLUHG IRU WKH WRWDO VXFWLRQ PHDVXUHPHQW RI WKH PDWHULDOV XVHG LQ WKLV
VWXG\ $GGLWLRQDO WRWDO VXFWLRQPHDVXUHPHQWV ZHUH DOVR FDUULHG RXW RQ ORRVH VSHFLPHQ
LH LQ SRZGHU IRUP WR VWXG\ WKH HIIHFW RI GHQVLW\ RQ WRWDO VXFWLRQ )RU ORRVH VRLO
VSHFLPHQV WKHVSHFLDOPHDVXULQJFKDPEHUZDVILOOHGXS WRKDOIFDSDFLW\ZLWK WKHFXUHG
PL[WXUHZKLFKZDVSUHYLRXVO\SUHSDUHGVHH&KDSWHU
 :HWWLQJDQG'U\LQJ7HVWVXQGHU8QFRQILQHG&RQGLWLRQV
 7KH ZHWWLQJ DQG GU\LQJ WHVWV XQGHU XQFRQILQHG FRQGLWLRQV ZHUH SHUIRUPHG RQ
VHYHUDO KHDYLO\ FRPSDFWHG VSHFLPHQV RI  EHQWRQLWHVDQG PL[WXUH LH WKRVH
SUHSDUHG E\ *56 %UDXQVFKZHLJ ,Q WKLV VXEFKDSWHU SURFHGXUHV DGRSWHG LQ WKH
GHWHUPLQDWLRQ RI ZHWWLQJ DQG GU\LQJ FXUYHV RI WKH KHDYLO\ FRPSDFWHG VSHFLPHQV DUH
GHVFULEHG7KHWHVWVSHUIRUPHGLQYROYHGWHVWVXVLQJWKHD[LVWUDQVODWLRQWHFKQLTXH$77
LQ WKHSUHVVXUHSODWHDSSDUDWXVDQGWKRVHXVLQJWKHYDSRXUHTXLOLEULXPWHFKQLTXH9(7
E\PHDQV RI GHVLFFDWRU WHVWV 7DEOH  VXPPDULVHV WKH LQLWLDO FRQGLWLRQV RI VSHFLPHQV

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

XVHGZKLOH)LJXUHVKRZVVXFWLRQSDWKVIROORZHGE\HDFKVSHFLPHQLQWKHXQFRQILQHG
ZHWWLQJDQGGU\LQJWHVWV
7DEOH,QLWLDOFRQGLWLRQVRIWKHVSHFLPHQVXVHGLQWKHZHWWLQJDQGGU\LQJWHVWVXQGHU
XQFRQILQHGFRQGLWLRQV
,QLWLDOFRQGLWLRQV6SHFLPHQFRGH
:DWHUFRQWHQW 9RLGUDWLR 6XFWLRQN3D
8&   
8&   
8&   
8&   
8&   
8&   
8&   
8&   
8&   
8& 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 
8&   
8& 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WKHDVSUHSDUHGVXFWLRQ

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV
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8&
8&
8&
8&
8&
8&
8&
8&
8&
8&
VDWXUDWLRQXQGHUFRQVWDQWYROXPHFRQGLWLRQV
'VZHOOLQJXQGHUDVHDWLQJORDG
WKHILUVWVXFWLRQ
F\FOHZDVDOVR
XVHGLQ
GHWHUPLQLQJWKH
LQLWLDOVXFWLRQ

)LJXUH6XFWLRQSDWKVIROORZHGLQWKHXQFRQILQHGZHWWLQJDQGGU\LQJWHVWV
 ([SHULPHQWDO7HFKQLTXHVDQG3URFHGXUHV
$[LV7UDQVODWLRQ7HFKQLTXHXVLQJ3UHVVXUH3ODWH$SSDUDWXV
 7KH WHFKQLTXHZDVDGRSWHG WRGHWHUPLQHXQFRQILQHGZHWWLQJDQGGU\LQJFXUYHV LQ
WKH ORZ VXFWLRQ UDQJH LH OHVV WKDQ  N3D ,Q WKH WHFKQLTXH PDWULF VXFWLRQ LV
DSSOLHG'HVFULSWLRQVRIWKHDSSOLFDELOLW\DQGSUREOHPVUHODWHGWRWKLVWHFKQLTXHKDYHEHHQ
GHVFULEHGLQ&KDSWHU$SUHVVXUHSODWHDSSDUDWXVIURP6RLOPRLVWXUH)LJXUHZDV
XVHGLQWKLVH[SHULPHQW7KHPDLQSDUWRIWKHSUHVVXUHSODWHDSSDUDWXVLVWKHKLJKDLUHQWU\
FHUDPLFSODWH7KUHHFHUDPLFSODWHVZLWKGLIIHUHQWDLUHQWU\YDOXHVQDPHO\N3D
N3DDQGN3DZHUHXVHGLQWKHLQYHVWLJDWLRQGHSHQGLQJRQWKHDSSOLHGPDWULFVXFWLRQ
7KHXVHRIFHUDPLFSODWHZLWKDKLJKDLU HQWU\YDOXH LVQRWGHVLUDEOHZKHQPXFK ORZHU
PDWULFVXFWLRQLVWREHDSSOLHG7KLVLVGXHWRWKHIDFWWKDWWKHFRHIILFLHQWRISHUPHDELOLW\

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

RIWKHFHUDPLFSODWHZLWKDKLJKHUDLUHQWU\YDOXHLVORZHUWKDQWKDWRIWKHFHUDPLFSODWH
ZLWKDORZHUDLUHQWU\YDOXH7KHUHIRUHWKHWHVWFDQUXQIRUORQJWLPHGXUDWLRQ


)LJXUH3UHVVXUHSODWHDSSDUDWXVVHWXS
7KH ZDWHU RXWOHW LQ WKH SUHVVXUH SODWH DSSDUDWXV ZDV FRQQHFWHG WR D EXUHWWH IRU
IOXVKLQJSXUSRVH7KHWHVWVWDUWHGZLWKVDWXUDWLQJWKHFHUDPLFSODWHZLWKGLVWLOOHGGHDLUHG
ZDWHU 7KH ZDWHU FRPSDUWPHQW ORFDWHG EHWZHHQ WKH FHUDPLF SODWH DQG WKH UXEEHU
PHPEUDQHZDV ILOOHGZLWK GLVWLOOHG GHDLUHGZDWHU:DWHUZLOO FRPH RXW RI WKH FHUDPLF
SODWHZKHQWKHZDWHUFRPSDUWPHQWLVIXOO\ILOOHGZLWKGLVWLOOHGGHDLUHGZDWHU$QDPRXQW
RIGLVWLOOHGGHDLUHGZDWHUZDVVXEVHTXHQWO\SRXUHGRQ WKHFHUDPLFSODWHVXUIDFH$QDLU
SUHVVXUHRIDERXWN3DZDVDSSOLHGWRSUHVVXULVHZDWHURQWKHFHUDPLFSODWHIRUVHYHUDO
KRXUV7KHSUHVVXULVDWLRQZDVVWRSSHGZKHQQRDLUEXEEOHVZHUHREVHUYHGWRFRPHRXWRI
WKHFRPSDUWPHQWDQGIORZHGWRZDUGVWKHEXUHWWH'LIIXVHGDLUEXEEOHVFROOHFWHGEHQHDWK
WKHFHUDPLFSODWHZDVIOXVKHGXVLQJZDWHULQWKHEXUHWWH$VXIILFLHQWDPRXQWRIZDWHUZDV
VXSSOLHGWRWKHZDWHUFRPSDUWPHQWWKURXJKWKHEXUHWWH7KHZDWHURXWOHWYDOYHZDVFORVHG
DQG D VPDOO DLU SUHVVXUHZDV DSSOLHG DQG KHOG IRU DSSUR[LPDWHO\ PLQXWHV7KHZDWHU
RXWOHWYDOYHZDVRSHQHGDQGWKHDLUSUHVVXUHZDVVORZO\LQFUHPHQWDOO\LQFUHDVHGWRDERXW
N3D$LUEXEEOHVZLOOEHIOXVKHGDQGFRPHRXWRIWKHZDWHUFRPSDUWPHQWDQGIORZWR
WKH EXUHWWH ,W ZDV IRXQG WKDW QR DLU EXEEOHV ZHUH REVHUYHG DIWHU WKH VHFRQG IOXVKLQJ
SURFHVV
 7KHVDWXUDWLRQRIWKHFHUDPLFSODWHZDVFRQILUPHGE\YHULI\LQJWKHDLUHQWU\YDOXH
RIWKHFHUDPLFSODWH7KHZDWHUOHIWRQWKHFHUDPLFSODWHZDVZLSHGRIIDQGDQDLUSUHVVXUH
DV KLJK DV WKH DLU HQWU\ YDOXH RI WKH FHUDPLF SODWHZDV DSSOLHG7KHZDWHU OHYHO LQ WKH
EXUHWWHZDVPRQLWRUHG ,QLWLDOO\ WKHUHZDV D VPDOO LQFUHDVH LQ EXUHWWHZDWHU OHYHO 7KH

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

ZDWHUOHYHOLQWKHEXUHWWHVWRSSHGLQFUHDVLQJLQGLFDWLQJWKDWWKHUHZDVQRDLUIORZHGDFURVV
WKHFHUDPLFSODWH
 7KHKLJKO\FRPSDFWHGEHQWRQLWHVDQGVSHFLPHQZDVSODFHGRQWKHFHUDPLFSODWH$
GHDG ZHLJKW RI DERXW  J ZDV SODFHG RQ WKH VSHFLPHQ WR PDLQWDLQ D JRRG FRQWDFW
EHWZHHQWKHVSHFLPHQDQGWKHFHUDPLFSODWH$QDLUSUHVVXUHZDVVORZO\DQGVWHSZLVHO\
DSSOLHG WR UHDFK WKH WDUJHWPDWULF VXFWLRQ E\ DOVR FRQVLGHULQJ WKHZDWHU FROXPQ LQ WKH
EXUHWWH 7KH IOXVKLQJ RI ZDWHU FRPSDUWPHQW ZDV SHUIRUPHG UHJXODUO\ WR UHPRYH WKH
GLIIXVHG DLU EXEEOHV FROOHFWHGEHQHDWK WKH FHUDPLFGLVN ,W LV LPSRUWDQW WRQRWH WKDW WKH
H[LVWHQFH RI GLIIXVHG DLU EXEEOHV LQ WKHZDWHU FRPSDUWPHQW UHVXOWV LQ WKH GLVFRQWLQXLW\
EHWZHHQ WKH ZDWHU SKDVH LQ WKH VSHFLPHQ DQG WKH VRXUFH RI ZDWHU 7KH ZDWHU SKDVH
FRQWLQXLW\KDVWREHHVWDEOLVKHGWKURXJKRXWWKHH[SHULPHQWDVWRZDUUDQWOLTXLGWUDQVIHURI
ZDWHULQWRDQGRXWRIWKHVSHFLPHQ
7KHFKDQJHLQPDVVDQGGLPHQVLRQVLHWKHGLDPHWHUDQGKHLJKWRIWKHVSHFLPHQ
ZHUHPRQLWRUHG$SUHFLVLRQZHLJKLQJEDODQFHZLWKDQDFFXUDF\RIJZDVXVHG WR
ZHLJK WKH VSHFLPHQ 7KH GLPHQVLRQV RI WKH VSHFLPHQ ZHUH PRQLWRUHG XVLQJ D GLJLWDO
FDOOLSHUWKDWFRXOGPHDVXUHWRWKHQHDUHVWPP$WORZPDWULFVXFWLRQLHEHORZ
N3DWKHPHDVXUHPHQWRIGLPHQVLRQVRIWKHVRLOVSHFLPHQZDVRQO\SHUIRUPHGDIWHUWKH
VSHFLPHQKDGUHDFKHGHTXLOLEULXPEDVHGRQWKHZDWHUFRQWHQWYHUVXVWLPHSORW$WPDWULF
VXFWLRQ EHORZ  N3D WKH VSHFLPHQ ZDV VRIW HQRXJK VXFK WKDW WKH GLPHQVLRQ
PHDVXUHPHQW XVLQJ WKH GLJLWDO FDOOLSHU FRXOG LQWURGXFH GLVWXUEDQFH DORQJ WKH
FLUFXPIHUHQFH RI WKH VSHFLPHQ $IWHU HDFK VXFWLRQ HTXLOLEUDWLRQ WKH FHUDPLF GLVNZDV
UHVDWXUDWHG%RWKZDWHU FRQWHQW DQG YRLG UDWLR RI WKH VSHFLPHQZHUH XVHG WR MXGJH WKH
HTXLOLEULXPFRQGLWLRQVEHIRUHDSSO\LQJWKHQH[WPDWULFVXFWLRQLQFUHPHQWRUGHFUHPHQW
9DSRXU(TXLOLEULXP7HFKQLTXHRU'HVLFFDWRU7HVWV
 7KHYDSRXUHTXLOLEULXPWHFKQLTXH9(7ZDVXVHGWRGHWHUPLQHZHWWLQJDQGGU\LQJ
FXUYHV LQ WKH KLJK WRWDO VXFWLRQ UDQJH LH JUHDWHU WKDQ  N3D'HVFULSWLRQV RI WKH
DSSOLFDELOLW\ DQG SUREOHPV UHODWHG WR WKLV WHFKQLTXH KDYH EHHQ GHVFULEHG LQ 6XEFKDSWHU
,QWKLVVWXG\WZRW\SHVRIGHVLFFDWRUQDPHO\WKHODUJHGHVLFFDWRUIRUWHVWLQJXSWR
VL[VSHFLPHQVVLPXOWDQHRXVO\)LJXUHDQGWKHVPDOOGHVLFFDWRULHJODVVFRQWDLQHU
WKDWFRXOGRQO\DFFRPPRGDWHRQHVSHFLPHQZHUHXVHG6HYHUDODTXHRXVDQGPRODOVDOW
VROXWLRQV ZHUH XVHG WR LQGXFH WRWDO VXFWLRQ WR WKH VSHFLPHQ E\ FKDQJLQJ WKH UHODWLYH
KXPLGLW\RIWKHYDSRXUVSDFHLQWKHGHVLFFDWRU
 7KH VSHFLPHQ ZDV SODFHG LQ WKH JODVV FRQWDLQHU VLPLODU WR WKDW XVHG LQ WKH
FDOLEUDWLRQ RI QRQFRQWDFW ILOWHU SDSHU7KH JODVV FRQWDLQHUZDV RQHKDOI ILOOHGZLWK WKH
VDOWVROXWLRQ7KHHQWLUHVHWXSZDVSODFHGLQWKHWKHUPDOO\LQVXODWHGFKDPEHULHZDWHU
EDWKVLPLODUWRWKDWXVHGLQQWKHQRQFRQWDFWILOWHUSDSHUFDOLEUDWLRQ7KHODUJHGHVLFFDWRU
ZLWKWKHVSHFLPHQVZDVQRWSODFHGLQWKHZDWHUEDWK$SLHFHRI:KDWPDQ1RILOWHU

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

SDSHUZDVSODFHGLQWKHODUJHGHVLFFDWRUWRPHDVXUHWKHDFWXDOWRWDOVXFWLRQDSSOLHGWRWKH
VSHFLPHQV7KH H[SHULPHQWZDV FRQGXFWHG LQ D WHPSHUDWXUHFRQWUROOHG URRP WKDW FRXOG
PDLQWDLQDFRQVWDQWWHPSHUDWXUHRIR&R&3URFHGXUHVVLPLODUWRWKRVHXVHGLQWKH
D[LVWUDQVODWLRQ WHFKQLTXH WR GHWHUPLQH WKH FKDQJHV LQ ZDWHU FRQWHQW YRLG UDWLR ZHUH
DGRSWHG$W WKH HQGRI WKH WHVWZDWHU FRQWHQWRI WKH ILOWHUSDSHUZDVPHDVXUHGDQG WKH
ILOWHU SDSHU FDOLEUDWLRQ FXUYH VKRZQ LQ)LJXUHZDVXVHG WR FRPSXWH WKH DFWXDO WRWDO
VXFWLRQDSSOLHGWRWKHVSHFLPHQV,WZDVIRXQGWKDWWKHDFWXDOWRWDOVXFWLRQVZHUHQRWIDU
GLIIHUHQWIURPWKHWDUJHWHGYDOXHV
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 6ZHOOLQJ3UHVVXUH7HVWVDQG'HWHUPLQDWLRQRI:HWWLQJ&XUYHXQGHU&RQVWDQW
9ROXPH&RQGLWLRQV
 7KHPHDVXUHPHQW RI VZHOOLQJ SUHVVXUHZDV SHUIRUPHG RQ WKH OLJKWO\ DQG KHDYLO\
FRPSDFWHG EHQWRQLWHVDQG PL[WXUH VSHFLPHQV 7KUHH W\SHV RI WHVW QDPHO\ FRQVWDQW
YROXPHLQFOXGLQJRQHVWHSDQGPXOWLVWHSWHVWVVZHOOXQGHUORDGWHVWDQGVZHOOORDGWHVW
ZHUH FDUULHG RXW ,Q WKLV VXEFKDSWHU SURFHGXUHV DGRSWHG LQ WKH VZHOOLQJ SUHVVXUH
PHDVXUHPHQWDUHRXWOLQHG7KHHTXLSPHQWXVHGIRUWKHVZHOOLQJSUHVVXUHPHDVXUHPHQWVLV
GHVFULEHG 7KH VZHOOLQJ SUHVVXUH ZHUH GHWHUPLQHG IRU WKH OLJKWO\ RU SURFWRU GHQVLW\
FRPSDFWHGVSHFLPHQVDVZHOODVIRUWKHKHDYLO\FRPSDFWHGVSHFLPHQV7KHWHVWVLQYROYHG
WKHRQHVWHSPHDVXUHPHQWRI VZHOOLQJSUHVVXUHXVLQJ WKHZDWHUFLUFXODWLRQPHWKRG7KH
D[LVWUDQVODWLRQWHFKQLTXH$77DQGWKHYDSRXUHTXLOLEULXPWHFKQLTXH9(7ZHUHXVHG
LQ WKHPXOWLVWHS VZHOOLQJSUHVVXUHPHDVXUHPHQW7KHPXOWLVWHS VZHOOLQJSUHVVXUH WHVWV
ZHUH DOVR PHDQW IRU PHDVXULQJ ZHWWLQJ FKDUDFWHULVWLFV RI WKH VSHFLPHQ XQGHU FRQVWDQW
YROXPHFRQGLWLRQV
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
 7KH LQLWLDO FRQGLWLRQV LHZDWHUFRQWHQWDQGYRLG UDWLRRI WKH OLJKWO\FRPSDFWHG
VSHFLPHQV WHVWHG DUH VKRZQ LQ )LJXUH  ZKLOH 7DEOH  VXPPDULVHV WKH LQLWLDO
FRQGLWLRQVRIWKHKHDYLO\FRPSDFWHGVSHFLPHQVWHVWHG 
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 7KH RQHVWHS VZHOOLQJ SUHVVXUH WHVW ZDV FRQGXFWHG XVLQJ WKH %DUFHORQD FRQVWDQW
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)LJXUHWKDWZDVGHYHORSHGDWWKH7HFKQLFDO8QLYHUVLW\RI%DUFHORQDRU
83&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 )RXU FRQVWDQW YROXPH FHOOV ZHUH XVHG LQ WKLV VWXG\ 3ULRU WR H[SHULPHQW WKH
GHIRUPDELOLW\ RI IRXU FHOOV XVHGZDV H[DPLQHG E\ SUHVVXULVLQJ WKH FHOOV ZLWK WKH ORDG
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)LJXUH'HIRUPDWLRQRIWKHIRXU83&%DUFHORQDFRQVWDQWYROXPHFHOOVDVDIXQFWLRQ
RIDSSOLHGDLUSUHVVXUH
 7KH FDOLEUDWLRQ FRQVWDQW RI HDFK ORDG FHOO ZDV DOVR FKHFNHG UHJXODUO\ ,W ZDV
IRUHVHHQWKDWWKHORDGFHOOVPLJKWGHWHULRUDWHZLWKWLPH,QVRPHFDVHVLWZDVIRXQGWKDW
WKHFDOLEUDWLRQFRQVWDQWVRIWKHORDGFHOOVFKDQJHGVLJQLILFDQWO\SDUWLFXODUO\DIWHUWKHFHOOV
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WKDWLQ&HOOZDVIRXQGWREUHDNGRZQ7KHORDGFHOOZDVUHSODFHGZLWKDQHZORDGFHOO
ZLWKWKHVDPHFRQILJXUDWLRQDQGUHFDOLEUDWLRQZDVFDUULHGRXW

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

 ([SHULPHQWDO7HFKQLTXHVDQG3URFHGXUHV
2QH6WHS&RQVWDQW9ROXPH6ZHOOLQJ3UHVVXUH7HVWXVLQJ:DWHU&LUFXODWLRQ
0HWKRG
 7KH WHVW VWDUWHG E\ SODFLQJ WKH VSHFLPHQ LQ WKH FHOO 7KH LQQHU ZDOO RI WKH
VSHFLPHQ ULQJ ZDV OXEULFDWHG WR PLQLPLVH ULQJ IULFWLRQ 7KH ULQJ IULFWLRQ HIIHFWV DUH
WKRXJKW WR EH SURQRXQFHG LQ EHQWRQLWHV RU FOD\ VRLOV GXH WR WKH H[HUWHG VZHOOLQJ
SUHVVXUHV 2OVRQ  VXJJHVWHG WKDW WKH ULQJ IULFWLRQ HIIHFWV FRXOG EH HVWLPDWHG E\
WDNLQJDQDVVXPSWLRQWKDWWKHZDOOIULFWLRQDQJOHZDVHTXDOWRRIWKHGUDLQHGIULFWLRQ
DQJOHRI WKHVSHFLPHQ7KHPDJQLWXGHRI WKHULQJIULFWLRQDOVRGHSHQGVRQWKHKHLJKWWR
GLDPHWHU UDWLR RI WKH VSHFLPHQ WHVWHG RU WKH VSHFLPHQ¶V ULQJ XVHG 7KH ORDG FHOOZDV
IL[HGVXFKWKDWWKHWRSSRURXVGLVNZDVMXVWLQFRQWDFWZLWKWKHVSHFLPHQZLWKRXWLQGXFLQJ
VLJQLILFDQWSUHVVXUHWRWKHVSHFLPHQ,QWKHZDWHUFLUFXODWLRQPHWKRGWKHWRWDOVXFWLRQRI
WKHVSHFLPHQZDVUHGXFHGLQRQHVWHSIURPLWVLQLWLDOYDOXHWR]HUR'LVWLOOHGGHDLUHGZDWHU
ZDVFLUFXODWHGWKURXJKWKHERWWRPDQGWRSERXQGDULHVRIWKHVSHFLPHQ7KHDUUDQJHPHQW
RI WKH ZDWHU VDWXUDWLRQPHWKRG LV VKRZQ LQ )LJXUH  7KH ERWWRPZDWHU RXWOHW ZDV
FRQQHFWHGWRWKHWRSZDWHULQOHWXVLQJDQ\ORQWXEH7KHWRSZDWHURXWOHWZDVFRQQHFWHG
ZLWK D WZRZD\ YDOYH IRU IOXVKLQJ SXUSRVH 'LVWLOOHG GHDLUHG ZDWHU IORZHG IURP WKH
ERWWRPZDWHULQOHWZKHUHLWZDVVXSSOLHGWKURXJKWKHQ\ORQWXEHDQGILQDOO\FDPHRXWRI
WKHFHOOYLDWKHWRSZDWHURXWOHW7KHSURFHGXUHVIOXVKHGWKHDLUEXEEOHVWKDWFDPHRXWRI
WKHVSHFLPHQDVDUHVXOWRILQWHUQDOVZHOOLQJRIWKHVSHFLPHQLHVHOIVHDOLQJHIIHFW7KH
IOXVKLQJZDVSHUIRUPHGUHJXODUO\7KHSRURXVGLVNZDVHQVXUHGWREHDOZD\VIXOO\ILOOHG
ZLWKZDWHUE\REVHUYLQJWKHZDWHURXWIORZGXULQJIOXVKLQJ7KHSRURXVGLVNZDVDVVXPHG
WREHIUHHRIDLUEXEEOHVZKHQQRDLUEXEEOHVZHUHREVHUYHGWRFRPHRXWRIWKHWRSZDWHU
RXWOHWGXULQJIOXVKLQJ


)LJXUH6FKHPDWLFGUDZLQJRIH[SHULPHQWDOVHWXSIRUWKHRQHVWHSVZHOOLQJSUHVVXUH
PHDVXUHPHQWXVLQJZDWHUFLUFXODWLRQPHWKRG

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

7KHVSHFLPHQWHVWHGDEVRUEHGZDWHUDVDUHVXOWRIZDWHUSRWHQWLDOJUDGLHQWLQGXFHG
E\ WKH WRWDO VXFWLRQRI WKHVSHFLPHQ WHVWHG6ZHOOLQJSUHVVXUH UHDGLQJZDV WDNHQGXULQJ
IOXVKLQJ WRPLQLPLVH WKHHIIHFWRI DGGLWLRQDOSUHVVXUHFDXVHGE\ WKHZDWHUFROXPQ7KH
HQWLUHFHOOZDVZHLJKHGDIWHUHDFKVZHOOLQJSUHVVXUHUHDGLQJ7KHZHLJKWRIWKHHQWLUHFHOO
ZDVPHDVXUHGXVLQJDSUHFLVLRQZHLJKLQJEDODQFHWRWKHQHDUHVWJ7KHHTXLOLEULXP
ZDVGHHPHGEDVHGRQWKHGHYHORSPHQWRIVZHOOLQJSUHVVXUHDQGWKHDPRXQWRIDEVRUEHG
ZDWHUZLWKWLPH
 7KHILQDOZDWHUFRQWHQWRI WKHVSHFLPHQZDVPHDVXUHGWRGHWHUPLQHWKHGHJUHHRI
VDWXUDWLRQRIWKHVSHFLPHQDWWKHHQGRIWHVW,WLVLPSRUWDQWWRUHPRYHZDWHULQWKHSRURXV
GLVN EHIRUH GLVPDQWOLQJ WKH VSHFLPHQ 7KH UHOHDVH RI VZHOOLQJ SUHVVXUH GXULQJ
GLVPDQWOLQJ GHFUHDVHV ZDWHU SRWHQWLDO RI WKH VSHFLPHQ 7KH ZDWHU SRWHQWLDO RI WKH
VSHFLPHQZLOOKDYHDYDOXHZKLFKLVORZHUWKDQWKDWRIWKHGLVWLOOHGZDWHU$FFRUGLQJO\
WKHUHZLOOEHDUDSLGZDWHUPRYHPHQWIURPWKHZHWSRURXVGLVNWRWKHVSHFLPHQGXULQJWKH
GLVPDQWOLQJSURFHVV:DWHUZDV ILUVW UHPRYHG IURP WKHSRURXVGLVNE\EORZLQJ LWZLWK
IUHVK DLU $ FRUUHFWLRQ WR DFFRXQW IRU ZDWHU LQ WKH SRURXV GLVN LV UHTXLUHG LQ WKH
FRPSXWDWLRQ RI WKH DEVRUEHGZDWHU YHUVXV WLPH FXUYH 7KH ILQDOPDVV RI WKH VSHFLPHQ
WRJHWKHUZLWK WKHPDVVRI HPSW\ FHOO DQG WKH ILQDOPDVVRI WKHHQWLUH FHOO LH WKH FHOO
WRJHWKHU ZLWK WKH VSHFLPHQ EHIRUH GLVPDQWOLQJ ZHUH XVHG WR FRPSXWH WKH FRUUHFWLRQ
IDFWRUIRUWKHDEVRUEHGZDWHU
0XOWL6WHS6ZHOOLQJ3UHVVXUH7HVWXVLQJ$[LV7UDQVODWLRQ7HFKQLTXH
 7KHD[LVWUDQVODWLRQWHFKQLTXH$77ZDVXVHGWRLQYHVWLJDWHWKHFKDQJHLQVZHOOLQJ
SUHVVXUHZLWK GHFUHDVLQJPDWULF VXFWLRQ )RU WKLV SXUSRVH WKH SHGHVWDOZLWK D KLJK DLU
HQWU\FHUDPLFGLVNZDVXVHG7KHERWWRPZDWHULQOHWZDVFRQQHFWHGWRDZDWHUVXSSO\DWD
FRQVWDQWKHLJKWRIFPWRWKHERWWRPZDWHURXWOHW7KHUHIRUHDFRQVWDQWZDWHUSUHVVXUH
RIN3DZDVPDLQWDLQHGWKURXJKRXWWKHH[SHULPHQW7KHERWWRPZDWHURXWOHWLVFRQQHFWHG
WRDWZRZD\YDOYHIRUIOXVKLQJSXUSRVH7KHN3DFRQVWDQWZDWHUSUHVVXUHZDVXVHGWR
IOXVK WKHZDWHU FRPSDUWPHQW$LU SUHVVXUHZDV DSSOLHG XVLQJ DQ DLU SUHVVXUH FRQWUROOHU
LHDVWHSSHUPRWRUWKDWFRXOGGHOLYHUDFRQVWDQWDLUSUHVVXUHZLWKN3DDFFXUDF\
 3URFHGXUHV VLPLODU WR WKRVHDGRSWHG LQ WKHZDWHU VDWXUDWLRQ WHFKQLTXHZHUHXVHG
IRUSODFLQJWKHVSHFLPHQLQWKHFHOO6SHFLPHQV63+&%DQG63+&%KDGD
GLDPHWHU OHVV WKDQ WKH ULQJ GLDPHWHU VLQFH WKH\ ZHUH RYHQGULHG SULRU WR PXOWLVWHS
VZHOOLQJSUHVVXUHWHVW$VWLIISODVWLFVKHHWZDVXVHGWRILOOWKHJDSEHWZHHQWKHVSHFLPHQ
DQG WKH ULQJ VXFK WKDW QR RU PLQLPXP UDGLDO H[SDQVLRQ RI WKH VSHFLPHQ FRXOG EH
H[SHFWHG7KHVWLIISODVWLFVKHHWLQFRQWDFWZLWKWKHVSHFLPHQZDVOXEULFDWHGWRPLQLPLVH
IULFWLRQ EHWZHHQ WKH VSHFLPHQ DQG WKH SODVWLF VKHHW7KHZDWHU FRPSDUWPHQWZDV ILOOHG
ZLWKZDWHUSULRUWRH[SHULPHQW$LUSUHVVXUHZDVDSSOLHGWRWKHVSHFLPHQWKURXJKWKHWRS
DLUSUHVVXUHLQOHWLH WKHWRSZDWHUYDSRXUSUHVVXUHLQOHW)LJXUHE)OXVKLQJZDV
SHUIRUPHGUHJXODUO\WRUHPRYHDLUEXEEOHVWKDWZHUHFROOHFWHGLQWKHZDWHUFRPSDUWPHQW
DVDUHVXOWRIDLUGLIIXVLRQWKURXJKWKHVRLOVSHFLPHQDQGWKHVDWXUDWHGFHUDPLFGLVN7KH

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

PHDVXUHPHQW RI VZHOOLQJ SUHVVXUH DQG WKH ZHLJKW RI WKH VSHFLPHQ ZHUH SHUIRUPHG
DFFRUGLQJ WR WKH SURFHGXUHV VLPLODU WR WKRVH DGRSWHG LQ WKH RQHVWHS VZHOOLQJ SUHVVXUH
WHVW:DWHUFRQWHQWRIHDFKVSHFLPHQDIWHUWKHWHVWZDVDOVRPHDVXUHGDQGWKHDPRXQWRI
DEVRUEHGZDWHUIRUHDFKVXFWLRQGHFUHPHQWZDVEDFNFDOFXODWHG


)LJXUH6FKHPDWLFGUDZLQJRIH[SHULPHQWDOVHWXSIRUWKHPXOWLVWHSVZHOOLQJSUHVVXUH
WHVWXVLQJD[LVWUDQVODWLRQWHFKQLTXH 
0XOWL6WHS6ZHOOLQJ3UHVVXUH7HVWXVLQJ9DSRXU(TXLOLEULXP7HFKQLTXH
 7KH YDSRXU HTXLOLEULXP WHFKQLTXH 9(7 ZDV XVHG LQ WKH PXOWLVWHS VZHOOLQJ
SUHVVXUH WHVW ZKHUH WRWDO VXFWLRQ RI WKH VSHFLPHQ WHVWHG ZDV UHGXFHG E\ FKDQJLQJ WKH
UHODWLYHKXPLGLW\RIWKHVSHFLPHQ¶VSRUHVSDFH7KHXVHRI9(7LQWKHVZHOOLQJSUHVVXUH
WHVWZDVOLPLWHGWRDWRWDOVXFWLRQYDOXHRIN3D7KHPXOWLVWHSVZHOOLQJSUHVVXUHWHVW
XVLQJ 9(7 ZDV SHUIRUPHG LQ WKH VW\URIRDP ER[ WKDW FRXOG PDLQWDLQ D FRQVWDQW
WHPSHUDWXUH RI R&  R& )LJXUH  7KH WHVW FRPPHQFHG ZLWK SUHSDULQJ VDOW
VROXWLRQ2QO\VRGLXPFKORULGH1D&OVROXWLRQZDVXVHGLQWKHWHVW7KHVDOWVROXWLRQZDV
SUHSDUHGRQHGD\EHIRUHHDFKWHVW7KHVDOWVROXWLRQLQWKH(UOHQPH\HUIODVNZDVWKHUPDOO\
HTXLOLEUDWHGLQWKHVW\URIRDPER[LQRUGHUWRKDYHDWKHUPDOVWDELOLW\7KHVSHFLPHQZDV
VXEVHTXHQWO\ SODFHG LQ WKH FHOO ZLWK WKH VDPH SURFHGXUHV DV LQ WKH RQHVWHS VZHOOLQJ
SUHVVXUH WHVW 9DSRXU DERYH WKH VDOW VROXWLRQ LQ WKH (UOHQPH\HU IODVN ZDV FLUFXODWHG
WKURXJKWKHERWWRPDQGWRSERXQGDULHVRIWKHVSHFLPHQXVLQJDQDLUSXPS6SHFLPHQV63
+&%DQGZKLFKZHUHRYHQGULHGSULRUWRWHVWZHUHSODFHGLQWKHVZHOOLQJSUHVVXUH
FHOOV LQ D VLPLODUZD\ WR VSHFLPHQV63+&% DQG63+&% WKDWZHUH WHVWHG
XVLQJWKH$77IURPWKHRYHQGULHGFRQGLWLRQV
7KHSHGHVWDOZLWKSRURXVGLVNZDVXVHGZKLFKZDVVLPLODUWRWKDWXVHGLQWKHRQH
VWHS VZHOOLQJSUHVVXUH WHVW0HDVXUHPHQWRI VZHOOLQJSUHVVXUHZDVSHUIRUPHGXVLQJ WKH
SUHFLVHYROWPHWHU7KHWXEHVFRQQHFWLQJWKHFRQVWDQWYROXPHFHOOZLWKWKHSXPSDQGWKH
(UOHQPH\HU IODVNZHUH GLVFRQQHFWHG EHIRUH WDNLQJ WKHPDVV RI HQWLUH FHOO LH WKH FHOO

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

ZLWK WKH VSHFLPHQ 7KH WHPSHUDWXUH VHQVRU KXQJ LQ WKH VW\URIRDP ER[ZDVPHDQW IRU
REVHUYLQJSRVVLEOHIOXFWXDWLRQVLQURRPWHPSHUDWXUHZKHUHWKHWHVWZDVFRQGXFWHG6HYHUH
IOXFWXDWLRQVRIURRPWHPSHUDWXUHPD\LQGXFHH[FHVVLYHZDWHUYDSRXUFRQGHQVDWLRQRQWKH
VSHFLPHQ VLQFH WKH VW\URIRDP ER[ XVHG ZDV QRW UHDOO\ D WKHUPDOO\LQVXODWHG ER[ 7KH
LQIOXHQFH RI H[FHVVLYH FRQGHQVDWLRQ RQ WKH GHYHORSPHQW RI VZHOOLQJ SUHVVXUH KDV EHHQ
UHSRUWHGLQ$JXVDQG6FKDQ]

)LJXUH6FKHPDWLFGUDZLQJRIH[SHULPHQWDOVHWXSIRUWKHPXOWLVWHSVZHOOLQJSUHVVXUH
WHVWXVLQJYDSRXUHTXLOLEULXPWHFKQLTXH 
2QH6WHS6ZHOOLQJ3UHVVXUH7HVWE\0HDQVRI6ZHOOLQJ8QGHU/RDG7HVW
 $ VHULHV VZHOOXQGHUORDG 68/ WHVWV IRU VZHOOLQJ SUHVVXUH PHDVXUHPHQW ZHUH
SHUIRUPHGXVLQJD83&%DUFHORQDSQHXPDWLFRHGRPHWHUV\VWHPVHH6XEFKDSWHUIRU
WKH GHVFULSWLRQ 6HYHUDO KHDYLO\ FRPSDFWHG EHQWRQLWHVDQGPL[WXUH VSHFLPHQV DW
WKHDVSUHSDUHGVWDWHZHUHVXEMHFWHGWRGLIIHUHQWQHWYHUWLFDOVWUHVVHVLQWKHRHGRPHWHUFHOO
'LVWLOOHG GHDLUHG ZDWHU ZDV LQWURGXFHG WR WKH VSHFLPHQV E\ FLUFXODWLQJ LW WKURXJK WKH
ERWWRP DQG WRS ERXQGDULHV RI WKH VSHFLPHQV LH WKH ZDWHU FLUFXODWLRQ PHWKRG 7KH
VSHFLPHQV VZHOOHG GHSHQGLQJ RQ WKH PDJQLWXGH RI QHW YHUWLFDO VWUHVV DSSOLHG 7KH
GHIRUPDWLRQRIWKHVSHFLPHQVZDVPHDVXUHGXVLQJDGLDOJDXJHZLWKDOHDVWFRXQWRI
PPXQWLOUHDFKLQJHTXLOLEULXP
2QH6WHS6ZHOOLQJ3UHVVXUH7HVWE\0HDQVRI6ZHOO/RDG7HVW
 7KHVZHOOORDG6/WHVWZDVSHUIRUPHGRQDQDVSUHSDUHGVSHFLPHQLHVSHFLPHQ
6/ XVLQJ WKH83&%DUFHORQD SQHXPDWLF RHGRPHWHU V\VWHP 7KH WHVWZDV SHUIRUPHG

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

RQO\RQRQH VSHFLPHQ7KH WHVWZDV FRQGXFWHGE\ ILUVW DOORZLQJ WKH VSHFLPHQ WR VZHOO
ZKHQ LWZDV LQ FRQWDFWZLWKGLVWLOOHGZDWHU XQGHU D N3DQHW YHUWLFDO VWUHVV'LVWLOOHG
ZDWHUZDV FLUFXODWHG WKURXJK WKH ERWWRP DQG WRS ERXQGDULHV RI WKH VSHFLPHQ LH WKH
ZDWHUFLUFXODWLRQPHWKRG7KHVSHFLPHQZDVVXEVHTXHQWO\ORDGHGLQDVLPLODUPDQQHUWR
WKH FRQYHQWLRQDO RHGRPHWHU WHVW SURFHGXUHV 7KH GHIRUPDWLRQ RI WKH VSHFLPHQ GXULQJ
H[SHULPHQWZDVPHDVXUHGSHULRGLFDOO\XVLQJDGLDOJDXJHZLWKDOHDVWFRXQWRIPP
XQWLOQRVLJQLILFDQWGHIRUPDWLRQZDVREVHUYHG
 2QH'LPHQVLRQDO&RPSUHVVLRQ5HERXQGDQG2QH'LPHQVLRQDO&\FOLF
:HWWLQJ'U\LQJ7HVWV
 7KHFRPSUHVVLRQDQGUHERXQGWHVWVZHUHSHUIRUPHGRQVHYHUDOKHDYLO\FRPSDFWHG
 EHQWRQLWHVDQG PL[WXUH VSHFLPHQV 7KH IROORZLQJ WDEOH VXPPDULVHV WKH LQLWLDO
FRQGLWLRQVRIVSHFLPHQVXVHG
7DEOH,QLWLDOFRQGLWLRQVRIWKHKHDYLO\FRPSDFWHGVSHFLPHQVXVHGLQWKHRQH
GLPHQVLRQDOFRPSUHVVLRQUHERXQGDQGRQHGLPHQVLRQDOF\FOLFZHWWLQJGU\LQJWHVWV
,QLWLDOFRQGLWLRQV
6SHFLPHQ
FRGH
%HQWRQLWH
FRQWHQW

:DWHU
FRQWHQW
9RLG
UDWLR
6XFWLRQ
N3D
5HPDUNV
6/     6/WHVW
68/     68/WHVW
68/     68/WHVW
68/     68/WHVW
68/     68/WHVW
68/     68/WHVW
68/     68/WHVW
&5     6DWXUDWHG&5WHVW
KLJKYHUWLFDOVWUHVVHV
&5     8QVDWXUDWHG&5WHVW
KLJKYHUWLFDOVWUHVVHV
&5     8QVDWXUDWHG&5WHVW
KLJKYHUWLFDOVWUHVVHV
&\FOLF     'F\FOLF':WHVW
ORZYHUWLFDOVWUHVVHV
&\FOLF     'F\FOLF':WHVW
ORZYHUWLFDOVWUHVVHV
µ6/¶PHDQVVZHOOORDGWHVWµ68/¶PHDQVVZHOOXQGHUORDGWHVWµ&5¶PHDQVFRPSUHVVLRQUHERXQGWHVW
µ&\FOLF¶PHDQVRQHGLPHQVLRQDOF\FOLFZHWWLQJGU\LQJWHVW
WKHDVSUHSDUHGVXFWLRQ

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

 'HVFULSWLRQRIWKH(TXLSPHQWV8VHG
 7KH RQHGLPHQVLRQDO FRPSUHVVLRQUHERXQG WHVWV LQ WKH ORZ UDQJH RI QHW YHUWLFDO
VWUHVVHV DQG F\FOLF ZHWWLQJ GU\LQJ WHVWV ZHUH FRQGXFWHG XVLQJ D SQHXPDWLF RHGRPHWHU
V\VWHP )LJXUH  WKDW ZDV GHYHORSHG DW WKH 7HFKQLFDO 8QLYHUVLW\ RI %DUFHORQD RU
83&6SDLQ7KH HTXLSPHQWPDLQO\ FRQVLVWVRI D SHGHVWDO VFUHZHG WR DERWWRPSDUW D
PLGGOHDQGDWRSSDUWDUXEEHUPHPEUDQHZLWKDVFUHZHGWRSFDSDQGDGLDOJDXJHZLWKD
OHDVWFRXQWRIPP7KHSHGHVWDODQG WRSFDSHDFKKDVDFRUURVLRQ UHVLVWDQWPHWDO
SRURXVGLVN7KHWRSFDSKDVDGRXEOLQJV\VWHPZKLFKHQDEOHVWKHSQHXPDWLFDOO\DSSOLHG
YHUWLFDOORDGWREHGRXEOHG7KLVLVEHFDXVHWKHFURVVVHFWLRQDODUHDRISDUWRIWKHWRSFDS
LQFRQWDFWZLWKWKHUXEEHUPHPEUDQHLVGRXEOHRIWKDWLQFRQWDFWZLWKWKHVRLOVSHFLPHQ
7KH FHOO LV DOVR HTXLSSHGZLWK DQ(UOHQPH\HU IODVN DQG DQ DLU SXPS WR FLUFXODWHZDWHU
YDSRXUWKURXJKWKHERWWRPDQGWRSERXQGDULHVRIWKHVSHFLPHQ7KHV\VWHPFDQEHXVHG
WRWHVWVRLOVSHFLPHQVZLWKDGLDPHWHURIPPDQGDYDU\LQJKHLJKWEHWZHHQPPDQG
PP
 7KHFRPSUHVVLRQUHERXQGWHVWVLQWKHKLJKQHWYHUWLFDOVWUHVVUDQJHZHUHSHUIRUPHG
XVLQJD:HLPDUKLJKSUHVVXUHRHGRPHWHUFHOO)LJXUH6FKDQ]DQG7ULSDWK\
7KHFHOOFRQVLVWVRIDERWWRPSDUWZLWKDVWDLQOHVVVWHHOSRURXVGLVNDPLGGOHSDUWDQGD
WRSSDUWZKHUHD ORDGFHOODQGD WRSFDSZLWKDVWDLQOHVVVWHHOSRURXVGLVNDUHDWWDFKHG
7KH ORDG FHOO LV FDSDEOH RIPHDVXULQJ  N1 ORDGZKLFK LV HTXLYDOHQW WR D SUHVVXUH RI
N3DWKHGLDPHWHURIVSHFLPHQWHVWHGLVPP7KHORDGFHOOLVHTXLSSHGZLWKD
KDQGKHOGGLJLWDOGLVSOD\IRUYHUWLFDOSUHVVXUHUHDGLQJ7KHFHOOLVLQVWUXPHQWHGZLWKDGLDO
JDXJHZLWKDOHDVWFRXQWRIPPZKLFKLVDWWDFKHGWRWKHORDGLQJURGRIWKHFHOO
 9HULILFDWLRQRIWKH(TXLSPHQWV8VHG
 3ULRUWRXVHGHIRUPDELOLW\RIERWKWKH83&%DUFHORQDSQHXPDWLFRHGRPHWHUV\VWHP
DQG WKH :HLPDU KLJK SUHVVXUH RHGRPHWHU V\VWHP GXULQJ ORDGLQJ DQG XQORDGLQJ ZHUH
YHULILHG &RUUHFWLRQ WR DFFRXQW IRU WKH RHGRPHWHU V\VWHP GHIRUPDELOLW\ LV UHTXLUHG IRU
VWLIIVRLOV)UHGOXQGDQG5DKDUGMRVXFKDVWKHFRPSDFWHGEHQWRQLWHVDQGVSHFLPHQV
WHVWHGLQWKLVLQYHVWLJDWLRQ7KHYHULILFDWLRQZDVFDUULHGRXWXVLQJDGXPP\VWDLQOHVVVWHHO
VSHFLPHQ7KH VWDLQOHVV VWHHO VSHFLPHQZDVSODFHG LQ WKHRHGRPHWHUFHOOVZLWK WZRGU\
ILOWHUSDSHUVLHHDFKRQWKHWRSDQGERWWRPRIWKHGXPP\VSHFLPHQ:KHQDUHDOVRLO
VSHFLPHQLVVDWXUDWHGWKHILOWHUSDSHUVXVHGZLOOEHZHWDQGWKHUHIRUHGXPP\WHVWVZHUH
DOVRSHUIRUPHGZLWKZHWILOWHUSDSHUV7KHGXPP\VWDLQOHVVVWHHOVSHFLPHQZLWKWKHILOWHU
SDSHUVZDVVXEMHFWHGWRLQFUHDVLQJDQGGHFUHDVLQJYHUWLFDOSUHVVXUHLQWKHRHGRPHWHUWHVW
V\VWHP )LJXUH D DQG )LJXUH E VKRZV WKH GHIRUPDWLRQ FKDUDFWHULVWLF RI WKH
83& SQHXPDWLF RHGRPHWHU V\VWHP DQG WKH :HLPDU KLJK SUHVVXUH RHGRPHWHU V\VWHP
UHVSHFWLYHO\7KHGHIRUPDWLRQFKDUDFWHULVWLFRIWKHV\VWHPVZDVXVHGWRJLYHFRUUHFWLRQWR
WKHFRPSUHVVLRQUHERXQGDQG'F\FOLFZHWWLQJGU\LQJWHVWUHVXOWV

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

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)LJXUH7KH83&%DUFHORQDSQHXPDWLFRHGRPHWHUFHOODSKRWREVFKHPDWLF
GUDZLQJDQGFFRPSRQHQWVRIWKHFHOO

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

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
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E
)LJXUH'HIRUPDELOLW\RIDWKH83&%DUFHORQDSQHXPDWLFRHGRPHWHUV\VWHPDQG
EWKH:HLPDUKLJKSUHVVXUHRHGRPHWHUV\VWHP
 ([SHULPHQWDO7HFKQLTXHVDQG3URFHGXUHV
6DWXUDWHG&RPSUHVVLRQ5HERXQG7HVWVIRU/RZ5DQJHRI1HW9HUWLFDO
6WUHVVHV
 7KH VDWXUDWHG FRPSUHVVLRQUHERXQG WHVWV GHVFULEHG LQ WKLV VXEFKDSWHU LQFOXGH WKH
VZHOOXQGHUORDG68/DQGVZHOOORDG6/WHVWVPHDQWIRUPHDVXULQJVZHOOLQJSUHVVXUH
RI WKH DVSUHSDUHG VSHFLPHQ 3URFHGXUHV DGRSWHG LQ WKH 68/ DQG 6/ WHVWV KDYH EHHQ

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

GHVFULEHG LQ 6XEFKDSWHU  DQG  UHVSHFWLYHO\ ,Q WKH 6/ WHVW RQO\ RQH
VSHFLPHQZDV WHVWHG LHGHQRWHGDV VSHFLPHQ6/ LQ7DEOHZKLOH VL[ VSHFLPHQV
ZHUHXVHGLQWKH68/WHVWLHGHQRWHGDVVSHFLPHQ68/WR68/LQ7DEOH7KH
VWUHVVDQGVXFWLRQSDWKVIROORZHGLQWKHWHVWVRQVSHFLPHQV6/DQG68/WR68/DUH
VKRZQLQ)LJXUHDQG)LJXUHUHVSHFWLYHO\
 7KHVRLOVSHFLPHQZLWKILOWHUSDSHUVZDVSODFHGLQWKH83&SQHXPDWLFRHGRPHWHU
V\VWHP DQG WKH RHGRPHWHU V\VWHP ZDV DUUDQJHG LQ DFFRUGDQFH ZLWK WKH DUUDQJHPHQW
VKRZQLQ)LJXUH7RPLQLPLVHULQJIULFWLRQWKHLQQHUZDOORIWKHVSHFLPHQULQJZDV
OXEULFDWHG 'LVWLOOHG GHDLUHG ZDWHU ZDV VXSSOLHG WR WKH ERWWRP ERXQGDU\ RI WKH VRLO
VSHFLPHQ DQG ZDV FLUFXODWHG WKURXJK WKH ERWWRP DQG WRS ERXQGDULHV RI WKH VSHFLPHQ
9HUWLFDO VWUHVV ZDV DSSOLHG WR WKH VSHFLPHQ WKURXJK DQ DLU SUHVVXUH FRQWUROOHU 7KH
PDJQLWXGHRIDLUSUHVVXUHXVHGZDVKDOIWKHWDUJHWHGYHUWLFDOSUHVVXUHVLQFHWKHV\VWHPKDV
D SUHVVXUH GRXEOLQJ V\VWHP )OXVKLQJ LQ D VLPLODU ZD\ WR WKDW DGRSWHG LQ WKH RQHVWHS
FRQVWDQWYROXPHVZHOOLQJSUHVVXUHWHVWVZDVSHUIRUPHGLQDUHJXODUEDVLV5HDGLQJVZHUH
WDNHQUHJXODUO\XQWLOQRVLJQLILFDQWFKDQJHLQGHIRUPDWLRQRIWKHVSHFLPHQZDVQRWHG
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ORDGLQJXQGHU
FRQVWDQWVXFWLRQ
VDWXUDWLRQXQGHU
FRQVWDQWORDG

)LJXUH6WUHVVDQGVXFWLRQSDWKVSODQQHGIRUWKHWHVWVRQVSHFLPHQV68/WR68/

)LJXUH6FKHPDWLFGUDZLQJRIH[SHULPHQWDOVHWXSRIWKHVDWXUDWHGFRPSUHVVLRQDQG
UHERXQGWHVWIRUORZUDQJHRIQHWYHUWLFDOVWUHVVHV
&RPSUHVVLRQ5HERXQG7HVWVIRU+LJK5DQJHRI1HW9HUWLFDO6WUHVVHV
 3URFHGXUHVRISODFLQJVSHFLPHQLQWKHFRPSUHVVLRQUHERXQGWHVWIRUKLJKUDQJHRI
YHUWLFDOVWUHVVHVZHUHEDVLFDOO\VLPLODUWRWKRVHXVHGLQWKHWHVWLQWKHORZUDQJHRIYHUWLFDO
VWUHVVHV7KHGLIIHUHQFHOLHVRQWKHZD\YHUWLFDOVWUHVVZDVDSSOLHG,QWKHWHVWXVLQJWKH
:HLPDU KLJK SUHVVXUH RHGRPHWHU V\VWHP ORDGLQJ ZDV DSSOLHG WR WKH VSHFLPHQ

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

PHFKDQLFDOO\ WKURXJKD ORDGLQJ IUDPH )LJXUH7KH ORDGLQJ IUDPHZDVFDSDEOHRI
GHOLYHULQJ ORDGV XS WR  N1 7KH ORDGLQJ V\VWHPZDV FRQWUROOHG WKURXJK D SHUVRQDO
FRPSXWHU7KUHHVSHFLPHQVLHVSHFLPHQV&5WR&5LQ7DEOHZHUHWHVWHGIRU
WKH FRPSUHVVLRQUHERXQG FKDUDFWHULVWLFV LQ WKH KLJK YHUWLFDO VWUHVV UDQJH XVLQJ WKH
:HLPDUKLJKSUHVVXUHRHGRPHWHUV\VWHP)LJXUHVKRZVWKHVWUHVVDQGVXFWLRQSDWKV
SODQQHGLQWKHWHVWV
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
)LJXUH6WUHVVDQGVXFWLRQSDWKVSODQQHGIRUWKHWHVWRQVSHFLPHQV&5WR&5
 7KH VSHFLPHQ ZLWK ILOWHU SDSHUV ZDV SODFHG LQ WKH FHOO 7KH LQQHU ZDOO RI WKH
VSHFLPHQ ULQJ ZDV OXEULFDWHG WR PLQLPLVH WKH ULQJ IULFWLRQ HIIHFWV 7KH FHOO ZLWK WKH
VSHFLPHQDQG ILOWHUSDSHUVZDV VXEVHTXHQWO\ VHW LQ WKH ORDGLQJ IUDPH6SHFLPHQ&5
ZDV ORDGHG DIWHU LW ZDV VDWXUDWHG ZLWK GLVWLOOHG GHDLUHG ZDWHU XQGHU FRQVWDQW YROXPH
FRQGLWLRQV LH VZHOOLQJSUHVVXUH WHVW DQG WKHUHIRUH WKH WHVW LV UHIHUUHG WR DV VZHOOLQJ
SUHVVXUHFRPSUHVVLRQUHERXQG WHVW 7KH WHVW RQ VSHFLPHQ &5 FDQ DOVR EH FDOOHG WKH
VZHOOLQJSUHVVXUHFRPSUHVVLRQUHERXQGWHVWVLQFHWKHVSHFLPHQZDVHTXLOLEUDWHGWR
N3D WRWDO VXFWLRQZKLFKZDV ORZHU WKDQ WKH LQLWLDO WRWDO VXFWLRQRI WKH VSHFLPHQ XVLQJ
VDWXUDWHG.62VROXWLRQLH9(7XQGHUFRQVWDQWYROXPHFRQGLWLRQV7KHFRPSUHVVLRQ
DQG UHERXQG WHVW RQ VSHFLPHQ&5ZDV SHUIRUPHG XQGHU DVSUHSDUHG FRQGLWLRQV 7KH
UHVXOWV RI WKUHH WHVWV SHUIRUPHGZLOO EH XVHG LQ WKH VXEVHTXHQW FKDSWHUV WR GLVFXVV WKH
DOWHUDWLRQ RI PDWHULDO EHKDYLRXU IURP HODVWLF WR SODVWLF EHKDYLRXU ,W ZDV DOUHDG\
DQWLFLSDWHG WKDW WKH WUDQVLWLRQ PLJKW RFFXU DW D SDUWLFXODU VXFWLRQ E\ ZKLFK WKH D[LV
WUDQVODWLRQWHFKQLTXH$77VKRXOGEHXVHGLH ORZHU WKDQN3D+RZHYHUDW LWV
SUHVHQWIRUPWKH:HLPDUKLJKSUHVVXUHRHGRPHWHUFHOOLVQRWFDSDEOHWREHXVHGIRUWHVWV
XVLQJWKH$77
 ,QWKHWHVWRQVSHFLPHQ&5WKHZDWHUFLUFXODWLRQPHWKRGLQWKHVDPHZD\DVXVHG
LQ WKH RQHVWHS FRQVWDQW YROXPH VZHOOLQJ SUHVVXUH WHVW ZDV DGRSWHG $IWHU VZHOOLQJ
SUHVVXUHZDV IXOO\ GHYHORSHG WKH FRPSUHVVLRQUHERXQG WHVWZDV VWDUWHG ,Q WKH WHVW RQ

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

VSHFLPHQ&5ZDWHUYDSRXUDERYH VDWXUDWHG.62 VROXWLRQ LQD IODVNZDVFLUFXODWHG
WKURXJKWKHERWWRPDQGWRSERXQGDULHVRIWKHVSHFLPHQ
2QH'LPHQVLRQDO&\FOLF:HWWLQJ'U\LQJ7HVWVXQGHU/RZ1HW9HUWLFDO
6WUHVVHV
 7KH RQHGLPHQVLRQDO ' F\FOLF ZHWWLQJGU\LQJ WHVWV XQGHU ORZ QHW YHUWLFDO
VWUHVVHV ZHUH FDUULHG RXW RQ WZR KHDYLO\ FRPSDFWHG  EHQWRQLWHVDQG PL[WXUH
VSHFLPHQVLHVSHFLPHQV&\FOLFDQG&\FOLFLQ7DEOH7KHWHVWVZHUHSHUIRUPHG
LQWKH83&SQHXPDWLFRHGRPHWHUV\VWHP7KHH[SHULPHQWDOVHWXSLVVFKHPDWLFDOO\VKRZQ
LQ)LJXUH7KHSURFHGXUHVRISODFLQJWKHVSHFLPHQLQWKHRHGRPHWHUFHOOZHUHVLPLODU
WRWKRVHXVHGLQWKHVDWXUDWHGFRPSUHVVLRQUHERXQGWHVWV7KHWHVWRQVSHFLPHQ&\FOLF
ZDVSHUIRUPHGXQGHUDWDUJHWHGQHWYHUWLFDOVWUHVVRIN3DZKLOHWKHWHVWRQVSHFLPHQ
&\FOLFZDVFDUULHGRXWXQGHUDWDUJHWHGQHWYHUWLFDOVWUHVVRIN3D)LJXUHD
DQG)LJXUHE VKRZV WKHVWUHVVDQGVXFWLRQSDWKVSODQQHG IRU WKH WHVWRQVSHFLPHQ
&\OLFDQG&\FOLFUHVSHFWLYHO\
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)LJXUH6WUHVVDQGVXFWLRQSDWKVSODQQHGIRUWKHWHVWRQDVSHFLPHQ&\FOLF
N3DQHWYHUWLFDOVWUHVVDQGEVSHFLPHQ&\FOLFN3DQHWYHUWLFDOVWUHVV
7RWDO VXFWLRQ ZDV FRQWURO GXULQJ ZHWWLQJ DQG GU\LQJ XQGHU FRQVWDQW QHW YHUWLFDO
VWUHVVXVLQJVDOWVROXWLRQLH9(7:DWHUYDSRXUDERYHVDOWVROXWLRQLQDQ(UOHQPH\HU
IODVNZDVFLUFXODWHGWKURXJKWKHERWWRPDQGWRSERXQGDULHVRIWKHVSHFLPHQXVLQJDQDLU

&KDSWHU([SHULPHQWDOWHFKQLTXHVDQGSURFHGXUHV

SXPSLQDVLPLODUPDQQHU WR WKHSURFHGXUHVDGRSWHG LQ WKHPXOWLVWHSVZHOOLQJSUHVVXUH
WHVWXVLQJWKH9(79HUWLFDOVWUHVVZDVGHOLYHUHGWRWKHVSHFLPHQWKURXJKDQDLUSUHVVXUH
FRQWUROOHU7KHVW\URIRDPER[ZDVDOVRXVHGWRPLQLPLVHURRPWHPSHUDWXUHIOXFWXDWLRQV
WKDWPLJKWRFFXUGXULQJH[SHULPHQW7KHWHPSHUDWXUHVHQVRUSODFHGLQWKHVW\URIRDPER[
VHUYHGWKHVDPHIXQFWLRQDV WKDW LQ WKHPXOWLVWHSVZHOOLQJSUHVVXUH WHVWXVLQJWKH9(7
7KHHTXLOLEULXPFRQGLWLRQVRIHDFKVXFWLRQLQFUHPHQWRUGHFUHPHQWZHUHMXGJHGEDVHGRQ
WKHGLDOJDXJHUHDGLQJV
 6DWXUDWHG3HUPHDELOLW\7HVW
 7KHVDWXUDWHGSHUPHDELOLW\WHVWZDVSHUIRUPHGRQO\RQILYHFRPSDFWHGVSHFLPHQVRI
EHQWRQLWHVDQGPL[WXUH7KH VSHFLPHQVXVHG LQ WKH WHVWZHUHEDVLFDOO\ VSHFLPHQV
63/&%WR WKDWZHUHDOVRWHVWHGLQ WKHRQHVWHSVZHOOLQJSUHVVXUH WHVWV7KHWHVW
ZDVSHUIRUPHGLQDFFRUGDQFHZLWKWKHULJLGZDOOHGFRQVWDQWKHDGPHWKRG',1DQG
$670$WWKHHQGRIVZHOOLQJSUHVVXUHWHVWRQHDFKVSHFLPHQWKHVSHFLPHQVWLOO
LQWKH83&FRQVWDQWYROXPHFHOOZDVVXEMHFWHGWRDPD[LPXPSUHVVXUHJUDGLHQWDVKLJK
DV WKHPHDVXUHG VZHOOLQJSUHVVXUHRI WKH VSHFLPHQ LQRUGHU WR DYRLG VLGHZDOO OHDNDJH
:DWHU LQIORZ DQG RXWIORZZHUHPRQLWRUHG XVLQJ D EXUHWWH DWWDFKHG WR WKH LQIOXHQW DQG
HIIOXHQW HQGVRI WKH VSHFLPHQ7KH WHVWZDV WHUPLQDWHGDIWHU VWHDG\VWDWH IORZRFFXUUHG
LQGLFDWHGZKHQWKHZDWHULQIORZUDWHZDVHTXDOWRWKHZDWHURXWIORZUDWH

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
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 *HQHUDO
 ,Q WKLV FKDSWHU UHVXOWV RI VXFWLRQ PHDVXUHPHQWV WKDW ZHUH SHUIRUPHG XVLQJ IRXU
GLIIHUHQW WHFKQLTXHV DUH SUHVHQWHG DQG GLVFXVVHG 7KH GLVFXVVLRQ EURXJKW RXW LQ WKLV
FKDSWHU LQFOXGHV FRPSDULVRQ RI WKH UHVXOWV IURP GLIIHUHQW WHFKQLTXHV XVHG HUURU LQ WKH
PHDVXUHPHQWV HIIHFW RI GHQVLW\ DQG FRPSDULVRQ EHWZHHQ PDWULF DQG WRWDO VXFWLRQ
PHDVXUHGIRUWKHFRPSDFWHGVSHFLPHQV
 &RPSDULVRQRIWKH'LIIHUHQW7HFKQLTXHV8VHGIRU0HDVXULQJ7RWDO6XFWLRQ
 )LJXUH D WR )LJXUH G VKRZ D FRPSDULVRQ RI UHVXOWV RI WKH IRXU GLIIHUHQW
WHFKQLTXHV DGRSWHG LQ WKLV VWXG\ IRU PHDVXULQJ WRWDO VXFWLRQ 7KH ILOWHU SDSHU
PHDVXUHPHQW GDWD ZHUH FRPSXWHG IURP WKH ILOWHU SDSHU ZDWHU FRQWHQW XVLQJ (TXDWLRQ
 7KH WRWDO VXFWLRQ GDWD REWDLQHG XVLQJ WKH ILOWHU SDSHU WHFKQLTXH LQ WKH ORZ WRWDO
VXFWLRQUDQJHLHEHORZN3DZHUHFRPSXWHGE\H[WUDSRODWLQJWKHILOWHUSDSHUWRWDO
VXFWLRQ FDOLEUDWLRQ FXUYH VKRZQ LQ )LJXUH  WR WKH ORZHU WRWDO VXFWLRQ UDQJH XVLQJ
(TXDWLRQ  7KH SV\FKURPHWHU PHDVXUHPHQW GDWD ZHUH FRPSXWHG IURP WKH
PHDVXUHPHQWRIHOHFWURPRWLYHIRUFHXVLQJWKHFDOLEUDWLRQGDWDDVWDEXODWHGLQ7DEOH
 7KHGDWDSRLQWVREWDLQHG IRU WKH VWDQGDUGSURFWRUGHQVLWLHVDUHQRWGLVWLQJXLVKDEOH
IURP WKRVH REWDLQHG IRU WKH HQKDQFHG SURFWRU VSHFLPHQV 7KH IDFW VLJQLILHV WKH
LQVLJQLILFDQWLQIOXHQFHRIFRPSDFWLRQRQWKHPDJQLWXGHRIWRWDOVXFWLRQRIWKHFRPSDFWHG
EHQWRQLWHVDQGPL[WXUHV LQYHVWLJDWHG ,W LV DOVRGHSLFWHG LQ WKH ILJXUHV )LJXUHE WR
)LJXUHG WKDW WKH ILOWHUSDSHU WRWDO VXFWLRQPHDVXUHPHQW UHVXOWVRI WKHG\QDPLFDOO\
FRPSDFWHG VSHFLPHQV DUH HVVHQWLDOO\ WKH VDPH DV WKRVH RI WKH VWDWLFDOO\ FRPSDFWHG
VSHFLPHQV,WZLOOODWHUEHVKRZQWKDWHYHQWRWDOVXFWLRQRIDORRVHVSHFLPHQRIDPL[WXUH
ODUJHO\ KDV WKH VDPHPDJQLWXGH DV WKDW RI D FRPSDFWHG VSHFLPHQ RI WKH VDPHPL[WXUH
SURYLGHGERWKKDYHWKHVDPHZDWHUFRQWHQW7KHEHVWILWFXUYHIRUHDFKWHFKQLTXHKDVEHHQ
REWDLQHGE\ILWWLQJ(TXDWLRQ WR WKHFRUUHVSRQGLQJH[SHULPHQWDOGDWD7KHHTXDWLRQ
KDVDVLPLODUIRUPWRWKDWXVHGLQWKHILOWHUSDSHUFDOLEUDWLRQFXUYHVVHH&KDSWHUDQGLV
EDVHGRQWKH)UHGOXQGDQG;LQJ6:&&HTXDWLRQIRUVRLOV
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N3D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FDQGG
DUHWKHILWWLQJSDUDPHWHUV
 7KHYDOXHRIDEFDQGGIRUHDFKWHFKQLTXHDQGHDFKPL[WXUHDQGWKHJRRGQHVVRI
ILWWLQJSDUDPHWHUVLHWKHFRHIILFLHQWRIGHWHUPLQDWLRQDQGWKHVWDQGDUGHUURURIHVWLPDWH
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)LJXUH&RPSDULVRQRIWKHUHVXOWVREWDLQHGIURPWKHIRXUGLIIHUHQWWHFKQLTXHVXVHGIRU
PHDVXULQJWRWDOVXFWLRQRIFRPSDFWHGVSHFLPHQVRIDEF
EHQWRQLWHVDQGPL[WXUHVDQGGSXUHEHQWRQLWH
 7KHSV\FKURPHWHUPHWKRGVHHPVWRH[KLELWWKHODUJHVWVFDWWHUSDUWLFXODUO\LQWKHORZ
WRWDOVXFWLRQUDQJH7KHSRVVLEOHFDXVHVRIWKLVDUHWKHLQVHQVLWLYLW\RISV\FKURPHWHUVGXH
WR WHPSHUDWXUH HIIHFW ZKHQ XVHG IRU PHDVXULQJ ORZ WRWDO VXFWLRQV 5LGOH\ DQG :UD\
 WKH DFFXUDF\ RI UHDGLQJ GHYLFH XVHG LH +57 DQG VHQVRUWRVHQVRU
GLIIHUHQFHV )XUWKHU DQDO\VHV RI 7DEOH  LQGLFDWH WKDW WKH FKLOOHGPLUURU K\JURPHWHU

&KDSWHU6XFWLRQPHDVXUHPHQWUHVXOWV

WHFKQLTXHLQPRVWFDVHVKDVWKHKLJKHVWFRHIILFLHQWRIGHWHUPLQDWLRQUZLWKWKHORZHVW
YDOXHRIVWDQGDUGHUURURIHVWLPDWH6((7KHIDFWVVXSSRUWWKHHDUOLHUK\SRWKHVLVWKDWWKH
HTXLSPHQWSRVVHVVHVWKHEHVWDFFXUDF\DPRQJWKHIRXUWHFKQLTXHVXVHGVHH&KDSWHU
7KHUHIRUHWKHFKLOOHGPLUURUK\JURPHWHUWHFKQLTXHLVIXUWKHUXVHGDVEHQFKPDUNWRDVVHVV
WKHSHUIRUPDQFHRIWKUHHRWKHUWHFKQLTXHVDGRSWHGLQWKHLQYHVWLJDWLRQIRUPHDVXULQJWRWDO
VXFWLRQRIWKHEHQWRQLWHVDQGPL[WXUHV
7DEOH)LWWLQJDQGJRRGQHVVRIILWWLQJSDUDPHWHUVRIWKHIRXUWRWDOVXFWLRQPHDVXUHPHQW
WHFKQLTXHV
)LWWLQJSDUDPHWHU 6WDWLVWLFVÁ0L[WXUH 7HFKQLTXH
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µ%¶UHIHUVWREHQWRQLWHDQGµ6¶UHIHUVWRVDQG
µ)3¶PHDQVILOWHUSDSHUPHWKRGµ36<¶PHDQVSV\FKURPHWHUWHFKQLTXHµ5+´PHDQV5+VHQVRUDQG
µ&0+¶PHDQVFKLOOHGPLUURUK\JURPHWHUWHFKQLTXH
ÁULVWKHFRHIILFLHQWRIGHWHUPLQDWLRQDQG6((LVWKHVWDQGDUGHUURURIHVWLPDWH
 )LJXUH  LQGLFDWHV WKDW H[FHSW LQ WKH FDVH RI FRPSDFWHG VSHFLPHQV RI 
EHQWRQLWHVDQG PL[WXUH WKH SV\FKURPHWHU WHFKQLTXH FRQVLVWHQWO\ PHDVXUHG ORZHU WRWDO
VXFWLRQFRPSDUHGWRWKHFKLOOHGPLUURUK\JURPHWHU%\H[FOXGLQJWKHSRWHQWLDOHTXLSPHQW
HUURUVFDXVLQJWKHVFDWWHULQSV\FKURPHWHUWHFKQLTXHWKHORZHUSV\FKURPHWHUUHVXOWVPD\
EHGXHWRSRVVLEOHH[FHVVLYHFRQGHQVDWLRQRIZDWHUYDSRXURQWKHPHDVXULQJMXQFWLRQRI
WKH SV\FKURPHWHUV 5LGOH\ DQG:UD\  7KHRUHWLFDOO\ D GLVVLSDWLRQ RI FRQGHQVHG
ZDWHU WDNHVSODFHZKHQ WKHSV\FKURPHWHU LVKHDWHGSULRU WRPHDVXUHPHQW+RZHYHU WKH
FRQGHQVHGZDWHUPD\QRWEHIXOO\GLVVLSDWHGLQWRWKHVRLOVSHFLPHQWHVWHG7KHUHIRUHUH
FRQGHQVDWLRQPD\VWLOOWDNHSODFHRQWKHWKHUPRFRXSOHPRXQWRURQWKHLQQHUZDOORIWKH
SV\FKURPHWHUFXS7KHDPRXQWRIXQGLVVLSDWHGFRQGHQVHGZDWHUYDSRXULVDIXQFWLRQRI
UHODWLYH KXPLGLW\ 5+ RI WKH YDSRXU VSDFH LQ WKH VRLO VSHFLPHQ RU PHDVXUHG WRWDO
VXFWLRQDQGWKHHTXLOLEUDWLRQSHULRGRISV\FKURPHWHU
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&KDSWHU6XFWLRQPHDVXUHPHQWUHVXOWV

 ,W LVDOVRGHSLFWHGLQWKHILJXUHWKDWWKHWRWDOVXFWLRQPHDVXUHPHQWUHVXOWVREWDLQHG
E\WKH5+VHQVRUH[KLELWVDGLIIHUHQWWUHQG,QWKHORZWRWDOVXFWLRQUDQJHPHDVXUHGWRWDO
VXFWLRQGHFUHDVHGUDSLGO\ZLWKLQFUHDVLQJZDWHUFRQWHQW7KHDFWLYDWHGZDUPLQJIXQFWLRQ
RI WKH 5+ VHQVRU KHDWHG WKH YDSRXU VSDFH LQ WKH VSHFLPHQ JHQHUDWLQJ D WHPSHUDWXUH
JUDGLHQWEHWZHHQ WKHYDSRXUVSDFHZKHUH WKHPHDVXUHPHQWZDVFRQGXFWHGDQG WKHSRUH
VSDFHLQWKHVRLO7KLVRFFXUUHGZKHQPHDVXULQJKLJK5+YDOXHVRUORZWRWDOVXFWLRQV
 (UURURIWKH7RWDO6XFWLRQ0HDVXUHPHQWV
 (UURUVRIWRWDOVXFWLRQPHDVXUHPHQWVFDQJHQHUDOO\EHGLYLGHGLQWRWKUHHFDWHJRULHV
 (UURUVZKLFKDUHLQGXFHGE\LQDFFXUDF\RIWKHHTXLSPHQWRUVHQVRUXVHG7KLVW\SH
RIHUURUFDQPRVWO\EHIRXQGLQWKHILOWHUSDSHUDQGSV\FKURPHWHUWHFKQLTXHV
 (UURUVGXHWRDQLVRWKHUPDOQRQHTXLOLEULXPEHWZHHQWKHYDSRXUVSDFHWKHVRLODQG
WKHVHQVRUXVHG7KLVW\SHRIHUURUFDQEHIRXQGLQWKHILOWHUSDSHUZKHQWKHVL]HRI
YDSRXUVSDFH LVQRWPLQLPLVHGDQG LQ WKH WRWDO VXFWLRQPHDVXUHPHQWXVLQJ WKH5+
VHQVRU
 (UURUVGXHWRDQH[FHVVLYHFRQGHQVDWLRQRIZDWHUYDSRXURQWKHPHDVXULQJGHYLFHDV
DUHVXOWRIUDSLGWHPSHUDWXUHIOXFWXDWLRQV7KHH[FHVVLYHFRQGHQVDWLRQFDXVHVDGURS
LQWKHWHPSHUDWXUHRIZDWHUYDSRXULQWKHYDSRXUVSDFHDQGWKHUHIRUHWKLVW\SHRIHUURU
FDQDOVREHUHJDUGHGDVDQLVRWKHUPDOQRQHTXLOLEULXPLQWKHPHDVXULQJV\VWHP7KLV
W\SHRIHUURUFDQEHIRXQGLQWKHSV\FKURPHWHUWHFKQLTXH
 7KH WHPSHUDWXUH JUDGLHQW H[LVWHG LQ WKH WRWDO VXFWLRQ PHDVXUHPHQWV YLD
SV\FKURPHWHU DQG5+ VHQVRU FDQ EH HVWLPDWHG E\ WDNLQJ WKH FKLOOHGPLUURU K\JURPHWHU
UHDGLQJ DV EHQFKPDUN 7KH HVWLPDWHG WHPSHUDWXUH JUDGLHQWV WKDW H[LVWHG LQ WKH WRWDO
VXFWLRQPHDVXUHPHQWVXVLQJWKHSV\FKURPHWHUDQG5+VHQVRUDUHVKRZQLQ)LJXUHD
DQG)LJXUHEUHVSHFWLYHO\7KHHVWLPDWHGWHPSHUDWXUHJUDGLHQWVLQWKHSV\FKURPHWHU
WRWDOVXFWLRQPHDVXUHPHQWDUHQHJDWLYHLQWKHORZWRWDOVXFWLRQUDQJHLQGLFDWLQJSRVVLEOH
H[FHVVLYH ZDWHU YDSRXU FRQGHQVDWLRQV 2Q WKH RWKHU KDQG WKH HVWLPDWHG WHPSHUDWXUH
JUDGLHQWV WKDW H[LVWHG ZKHQ PHDVXULQJ WRWDO VXFWLRQ XVLQJ WKH 5+ VHQVRU DUH SRVLWLYH
DOPRVWLQWKHZKROHUDQJHRIWRWDOVXFWLRQPHDVXUHG

&KDSWHU6XFWLRQPHDVXUHPHQWUHVXOWV
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E
)LJXUH(VWLPDWHGWHPSHUDWXUHJUDGLHQWLQWRWDOVXFWLRQPHDVXUHPHQWVXVLQJD
SV\FKURPHWHUWHFKQLTXHDQGE5+VHQVRU
 7KH VXFWLRQ PHDVXUHPHQW HUURU FDQ EH LQIHUUHG IURP WKH HVWLPDWHG WHPSHUDWXUH
JUDGLHQWXVLQJ(TXDWLRQ7KH LQIHUUHG WRWDOVXFWLRQHUURU LVVKRZQLQ)LJXUHD
DQG )LJXUH E IRU WKH SV\FKURPHWHU WHFKQLTXH DQG 5+ VHQVRU UHVSHFWLYHO\ 7KH
SV\FKURPHWHU WHFKQLTXH VHHPV WR H[KLELW ORZHU HUURUV LQ WKHPHDVXUHPHQW FRPSDUHG WR
WKH 5+ VHQVRU 'HVSLWH WKH PRUH REYLRXV VFDWWHU LQ WKH SV\FKURPHWHU PHDVXUHPHQW

&KDSWHU6XFWLRQPHDVXUHPHQWUHVXOWV

UHVXOWV WKHWHFKQLTXHRIIHUVEHWWHUDFFXUDFLHVPDLQO\LQWKHORZWRWDOVXFWLRQUDQJHLH
EHORZN3D
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)LJXUH,QIHUUHGWRWDOVXFWLRQPHDVXUHPHQWHUURUDSV\FKURPHWHUWHFKQLTXHDQGE
5+VHQVRU
 +\GUDWLRQ(IIHFWRQWKH7RWDO6XFWLRQ0HDVXUHPHQW
 )LJXUHDWR)LJXUHGVKRZVDFRPSDULVRQEHWZHHQWRWDOVXFWLRQPHDVXUHG
E\WKHILOWHUSDSHUPHWKRGDQGWKDWPHDVXUHGE\WKHFKLOOHGPLUURUK\JURPHWHUWHFKQLTXH

&KDSWHU6XFWLRQPHDVXUHPHQWUHVXOWV

7KH UHVXOWV REWDLQHG FOHDUO\ LQGLFDWH D V\VWHPDWLF GLIIHUHQFHZLWK KLJKHU WRWDO VXFWLRQV
EHLQJ GHWHUPLQHG E\ WKH ILOWHU SDSHU PHWKRG ,W LV EHOLHYHG WKDW WKH DFFXUDF\ WKH WZR
PHWKRGV LVFRPSDUDEOHVLQFH WKHILOWHUSDSHUZDVHTXLOLEUDWHG LQDQDUURZYDSRXUVSDFH
DERYHWKHVRLOVSHFLPHQDQGWKHIOXFWXDWLRQLQWHPSHUDWXUHZDVPLQLPLVHGE\LPPHUVLRQ
LQWKHZDWHUEDWK7KHGLIIHUHQFHLQUHVXOWVREWDLQHGE\WKHWZRWHFKQLTXHVLVDVFULEHGWR
K\GUDWLRQ HIIHFW GXH WR WKH GLIIHUHQFH LQ DJH RI WKH VSHFLPHQV XVHG LQ WKH ILOWHU SDSHU
PHWKRG WR WKRVH XVHG LQ WKH FKLOOHGPLUURU K\JURPHWHU WHFKQLTXH 7KH K\GUDWLRQ RU
DSSDUHQWDJLQJHIIHFW LVGXH WR LQWHUQDOUHGLVWULEXWLRQRIZDWHUEHWZHHQWKH LQWHUOD\HU
LQWUD DQG LQWHUDJJUHJDWH SRUHV DQG LV WKRXJKW WR EH VLJQLILFDQW LQ VRLOV ZLWK GRXEOH
SRURVLW\VWUXFWXUHVXFKDVH[SDQVLYHVRLOV
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G
)LJXUH&RPSDULVRQRIWKHUHVXOWVRIILOWHUSDSHUDQGFKLOOHGPLUURUK\JURPHWHUWRWDO
VXFWLRQPHDVXUHPHQWVRIFRPSDFWHGVSHFLPHQVRIDEF
EHQWRQLWHVDQGPL[WXUHVDQGGSXUHEHQWRQLWH


&KDSWHU6XFWLRQPHDVXUHPHQWUHVXOWV

 6HYHUDODGGLWLRQDO WHVWVZHUHSHUIRUPHGRQVHYHUDOFRPSDFWHGVSHFLPHQVRI
EHQWRQLWHVDQGPL[WXUH XVLQJ WKH FKLOOHGPLUURU K\JURPHWHU 7KH FRPSDFWHG VSHFLPHQV
ZHUHILUVWVWRUHGLQDLUWLJKWFRQWDLQHUVIRUILYHZHHNV$WWHPSWVLQPDLQWDLQLQJDFRQVWDQW
WHPSHUDWXUHZHUHPDGHXVLQJWKHZDWHUEDWKLQDVLPLODUPDQQHUWRWKHILOWHUSDSHUWRWDO
VXFWLRQPHDVXUHPHQW SURFHGXUHV ,WZDV H[SHFWHG WKDW WKH VSHFLPHQVZHUH VXEMHFWHG WR
WKH VDPH FRQGLWLRQV WR WKRVH XVHG LQ WKH ILOWHU SDSHU WRWDO VXFWLRQ PHDVXUHPHQW ZLWK
UHVSHFW WR WKHLU LQWHUQDO ZDWHU FRQWHQW GLVWULEXWLRQ )LJXUH  GHSLFWV WKH UHVXOWV RI
DGGLWLRQDOWHVWVSHUIRUPHGDQGLWLVVKRZQWKDWWKHUHVXOWVIURPERWKPHWKRGVDJUHHIDLUO\
ZHOORQHWRWKHRWKHU,WLQGLFDWHVWKDWWKHGLIIHUHQFHLQZDWHUFRQWHQWYHUVXVWRWDOVXFWLRQ
FXUYHV RI WKH VSHFLPHQV DW WZR GLIIHUHQW FRQGLWLRQV LH WKH DVFRPSDFWHG DQG µDJHG¶
FRQGLWLRQV ZDV QRW GXH WR GLIIHUHQW DFFXUDFLHV DVVRFLDWHG ZLWK WKH WZR PHWKRGV 7KH
GLIIHUHQFHFDQEHDVFULEHG WR WKH LQWHUQDO UHGLVWULEXWLRQRISRUHZDWHU7KH WRWDO VXFWLRQ
PHDVXUHG E\ WKH FKLOOHGPLUURU K\JURPHWHU LH WKH DVFRPSDFWHG WRWDO VXFWLRQ
UHSUHVHQWVWKHWRWDOVXFWLRQDWDWUDQVLHQWVWDWH7KHLQWHUQDOUHGLVWULEXWLRQRISRUHZDWHULV
EHOLHYHG WR RFFXU ZLWK WLPH DV D UHVXOW RI D GLIIHUHQFH LQ WRWDO VXFWLRQ RU WRWDO ZDWHU
SRWHQWLDO EHWZHHQ WKH LQWHUDJJUHJDWH LQWUDDJJUHJDWH DQG LQWUDODPLQDU SRUHV DW WKLV
VWDWH7KHLQFRQWDFWILOWHUSDSHU WHFKQLTXHPHDVXUHV WRWDOVXFWLRQDWDTXDVLHTXLOLEULXP
VWDWHDIWHUWKHLQWHUQDOUHGLVWULEXWLRQRISRUHZDWHUWDNHVSODFH
 7KH HIIHFWV RI DJLQJ RQ WKH EHKDYLRXU RI FOD\ VRLOV KDYH DOVR EHHQ VWXGLHG ZLWK
UHVSHFWWRVZHOOLQJSRWHQWLDODQGVZHOOLQJSUHVVXUHHJ6XEED5DRDQG7ULSDWK\
7KHDJLQJHIIHFWVZHUHIRXQGWRGHFUHDVHVZHOOLQJSRWHQWLDODQGVZHOOLQJSUHVVXUHRIFOD\
DQGZHUHPRUH UHPDUNDEOH LQ WKH VSHFLPHQVZLWK KLJKZDWHU FRQWHQWV 6XEED5DR DQG
7ULSDWK\  ,Q WKH DJLQJ SURFHVV WKH IDEULFV RI D FOD\ VSHFLPHQ FKDQJHV GXH WR
UHDUUDQJHPHQW RI FOD\ SDUWLFOHV'XULQJ WKH LQWHUQDOZDWHU UHGLVWULEXWLRQ SURFHVV XQGHU
FRQVWDQWYRLGUDWLRDQGZDWHUFRQWHQW WKHUHLVDQLQFUHDVHLQLQWUDDJJUHJDWHRUPLFUR
YRLG UDWLRZKLOH WKH LQWHUDJJUHJDWH YRLG UDWLR GHFUHDVHV 6LQFH WKH WRWDO YRLG UDWLR DQG
ZDWHU FRQWHQW RI WKH VSHFLPHQ UHPDLQ FRQVWDQW WKH VZHOOLQJ SUHVVXUH DQG VZHOOLQJ
SRWHQWLDO RI WKH VSHFLPHQ DUH VLPLODU WR WKDW RI WKH DVFRPSDFWHG VSHFLPHQ 7KH DJLQJ
HIIHFWV LH GXH WR WKH FOD\ SDUWLFOH UHDUUDQJHPHQW DQG IDEULF FKDQJHV LV WKRXJKW WR
SURFHHGDIWHUWKHLQWHUQDOZDWHUUHGLVWULEXWLRQSURFHVV
 7KH XQEDODQFHG IRUFH RU WKH QRQXQLIRUP WRWDO VXFWLRQ GLVWULEXWLRQ EHWZHHQ WKH
LQWHUDJJUHJDWHSRUHVDQGWKHLQWUDDJJUHJDWHDQGLQWUDODPLQDUSRUHVIRUHDFKPL[WXUHFDQ
EH LQIHUUHG IURP)LJXUH  XVLQJ WKH EHVWILW HTXDWLRQ (TXDWLRQ ZLWK WKH ILWWLQJ
SDUDPHWHUV DV OLVWHG LQ7DEOH 7KH LQIHUUHG WRWDO VXFWLRQ GLIIHUHQFH EHWZHHQ WKH DV
FRPSDFWHGDQGTXDVLHTXLOLEULXP WRWDO VXFWLRQVRI WKH IRXUPL[WXUHV LV VKRZQ LQ)LJXUH



&KDSWHU6XFWLRQPHDVXUHPHQWUHVXOWV
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)LJXUH&RPSDULVRQRIWRWDOVXFWLRQPHDVXUHPHQWVRQWKHDVFRPSDFWHGDQGZHHN
DJHGFRPSDFWHGVSHFLPHQVRIEHQWRQLWHVDQGPL[WXUH
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
)LJXUH,QIHUUHGWRWDOVXFWLRQGLIIHUHQFHGXHWRWKHXQEDODQFHWRWDOVXFWLRQRUWRWDO
ZDWHUSRWHQWLDOGLVWULEXWLRQLQWKHGLIIHUHQWOHYHOVRISRUHV

&KDSWHU6XFWLRQPHDVXUHPHQWUHVXOWV

 7RWDO6XFWLRQRIWKH/RRVHDQG&RPSDFWHG6SHFLPHQV
 )LJXUHGHSLFWVDFRPSDULVRQEHWZHHQWRWDOVXFWLRQVPHDVXUHGXVLQJWKHFKLOOHG
PLUURU K\JURPHWHU WHFKQLTXH IRU WKH VPDOOVL]HG VWDWLFDOO\ FRPSDFWHG VSHFLPHQV DQG
WKRVHIRUWKHORRVHVSHFLPHQVSRZGHUIRUPIRUWKHIRXUEHQWRQLWHVDQGPL[WXUHVWHVWHG
7KH PHDVXUHPHQWV RI WRWDO VXFWLRQ RQ ERWK WKH FRPSDFWHG DQG ORRVH VSHFLPHQV ZHUH
FRQGXFWHG DW DOPRVW WKH VDPH WLPH 1R HIIHFW RI LQWHUQDO SRUHZDWHU UHGLVWULEXWLRQ LV
WKRXJKWWRSOD\DUROH7KHILJXUHVKRZVWKDWQRVLJQLILFDQWLPSDFWRIFRPSDFWLRQLVQRWHG
LQ WKH WRWDO VXFWLRQ YHUVXV ZDWHU FRQWHQW FXUYHV REWDLQHG IRU WKH FRPSDFWHG DQG ORRVH
VSHFLPHQV7KH UHVXOWV IRU D SDUWLFXODUPL[WXUH HVVHQWLDOO\ IDOO RQ D VLQJOH FXUYH7RWDO
VXFWLRQLVVKRZQWREHSULPDULO\DIXQFWLRQRIZDWHUFRQWHQWDQGEHQWRQLWHFRQWHQW7KH
KLJKHUWKHSHUFHQWDJHRIEHQWRQLWHLQWKHPL[WXUHWKHKLJKHUZLOOEHWKHWRWDOVXFWLRQIRU
WKHVDPHZDWHUFRQWHQW7KHUHDVRQIRUWKLVLVWKDWWKHEHQWRQLWHPLQHUDOVSRVVHVVVXUIDFH
HOHFWULF FKDUJHV DQG DW WKH VDPHZDWHU FRQWHQW D PL[WXUH ZLWK D KLJKHU SHUFHQWDJH RI
EHQWRQLWHKDVDJUHDWHURVPRWLFDQGVRUSWLYHIRUFHVZKLFKDUHJRYHUQHGE\WKHSURSHUWLHV
RI EHQWRQLWH 7KH FRQVHTXHQFH RI WKLV IDFW LV WKDW WKHUH DSSHDUV WR EH DQ LQVLJQLILFDQW
FRQWULEXWLRQRIFDSLOODU\DFWLRQLQWKHPDJQLWXGHRIWRWDOVXFWLRQ
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
)LJXUH7RWDOVXFWLRQYHUVXVZDWHUFRQWHQWRIWKHIRXUPL[WXUHVDWGLIIHUHQWVWDWHV
1RWHµ/¶PHDQVORRVHVWDWHµ63¶PHDQVFRPSDFWHGWRVWDQGDUGSURFWRUGHQVLW\DQGµ(3¶
PHDQVFRPSDFWHGWRHQKDQFHGSURFWRUGHQVLW\
 'XHWRWKHPXFKODUJHUVSHFLILFVXUIDFHDUHDRIWKHEHQWRQLWHFRPSDUHGWRWKDWRIWKH
VDQGWKHDPRXQWRIZDWHUUHTXLUHGWRFRYHUWKHDUHDDXQLWGU\PDVVRIEHQWRQLWHLVPXFK

&KDSWHU6XFWLRQPHDVXUHPHQWUHVXOWV

KLJKHU WKDQ WKDW UHTXLUHG WRFRYHU WKHDUHDRI DXQLWGU\PDVVRI VDQG7KXV WKHDGGHG
ZDWHU GXULQJ PL[WXUH SUHSDUDWLRQ ZLOO PRVWO\ EH DEVRUEHG E\ WKH EHQWRQLWH HYHQ IRU
PL[WXUHVZLWKDVPDOOSHUFHQWDJHRIEHQWRQLWH7KHUHIRUHLWLVUHDVRQDEOHWRDVVXPHWKDW
ZDWHU LV RQO\ DEVRUEHG E\ WKH EHQWRQLWH DQG WKHPL[WXUH YRLG UDWLR FDQ EH UHJDUGHG WR
EHORQJWREHQWRQLWHRUFRQVLGHUHGWREHEHQWRQLWHYRLGUDWLR%DVHGRQWKLVDVVXPSWLRQWKH
EHQWRQLWHZDWHUFRQWHQWZEFDQEHFRPSXWHGDFFRUGLQJWR(TXDWLRQZLWKZP
LV WKH PL[WXUH ZDWHU FRQWHQW DQG %  LV WKH EHQWRQLWH FRQWHQW LQ WKH PL[WXUH 7KH
FRUUHVSRQGLQJEHQWRQLWHGU\GHQVLW\UGE0JPFDQEHFRPSXWHGXVLQJ(TXDWLRQ
ZLWK UP 0JP DQG*VV LV WKH PL[WXUH GHQVLW\ DQG WKH VSHFLILF JUDYLW\ RI WKH VDQG
UHVSHFWLYHO\
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 7KH VHPLORJDULWKPLF SORW RI WRWDO VXFWLRQ YHUVXV EHQWRQLWH ZDWHU FRQWHQW IRU WKH
IRXUEHQWRQLWHVDQGPL[WXUHVDWWKHWKUHHGLIIHUHQWFRQGLWLRQVLHORRVHVWDQGDUGSURFWRU
FRPSDFWHG DQG HQKDQFHG SURFWRU FRPSDFWHG VWDWHV LV VKRZQ LQ )LJXUH  7KH SORW
LQGLFDWHV WKDW WKH VXFWLRQYHUVXVZDWHU FRQWHQW FXUYHV IRU WKH IRXUGLIIHUHQWPL[WXUHV DV
VKRZQ LQ )LJXUH  DSSHDU WR PHUJH LQWR D VLQJOH FXUYH 7KHVH UHVXOWV VXSSRUW WKH
VXJJHVWLRQ WKDW WRWDOVXFWLRQ LVVWURQJO\FRQWUROOHGE\ WKHPL[WXUHZDWHUFRQWHQWDQG WKH
PL[WXUHEHQWRQLWHFRQWHQWRUFROOHFWLYHO\LVDIXQFWLRQRIEHQWRQLWHZDWHUFRQWHQW
 7KHVXFWLRQDQGZDWHUSRWHQWLDOFRQFHSWVDQGWKHPLFURVWUXFWXUDOYLHZRIVXFWLRQ
DV GHVFULEHG LQ &KDSWHU  SURYLGH H[SODQDWLRQV KRZ WKH SUHVHQFH RI EHQWRQLWH FDQ
LQFUHDVHWRWDOVXFWLRQRUWRWDOZDWHUSRWHQWLDORIWKHPL[WXUHV7KHGLIIHUHQFHLQWKHWRWDO
VXFWLRQIRUGLIIHUHQWPL[WXUHVRUEHQWRQLWHFRQWHQWVDWWKHVDPHPL[WXUHZDWHUFRQWHQWLV
EHOLHYHG WREHGXH WR WKHGLIIHUHQFH LQ WKH VXPRI RVPRWLF VXFWLRQ DQG VRUSWLYH IRUFHV
ZKHUHDVVXUIDFHWHQVLRQRUFDSLOODU\DFWLRQKDVDQLQVLJQLILFDQWLQIOXHQFH
 5HH[DPLQDWLRQ RI )LJXUH  VKRZV WKDW ZKHQ WKH EHQWRQLWHVDQG PL[WXUH DW D
FHUWDLQZDWHUFRQWHQWLVFRPSDFWHGWRDKLJKHUGHQVLW\LWVGHJUHHRIVDWXUDWLRQLQFUHDVHV
7KHLQFUHDVHLQGHJUHHRIVDWXUDWLRQLVFDXVHGE\DUHGXFWLRQLQWKHDPRXQWRIDLULQWKH
LQWHUDJJUHJDWHSRUHV7KLVSKHQRPHQRQKDVDOVREHHQIRXQGE\6ULGKDUDQHWDO
$O0XNKWDUDQGUHFHQWO\E\5RPHURHWDO&RPSDFWLRQUHGXFHVWKHVL]HRI
LQWHUDJJUHJDWHSRUHVZKHUHDV WKH FDWLRQFRQFHQWUDWLRQRIZDWHU LQ WKHVHSRUHV UHPDLQV
XQFKDQJHG 7KH XQDSSDUHQW FKDQJH LQ WRWDO VXFWLRQ GXH WR FRPSDFWLRQ LQGLFDWHV WKH
LQVLJQLILFDQWFRQWULEXWLRQRIFDSLOODU\DFWLRQLQFRQWUROOLQJWKHPDJQLWXGHRIWRWDOVXFWLRQ
2QO\ LI WKH VSHFLPHQ LV IXUWKHU FRPSUHVVHG VR WKDW VRPHSRUHZDWHUJHWV VTXHH]HGRXW
ZLOOWKHUHSRVVLEO\EHDSSDUHQWFKDQJHLQWRWDOVXFWLRQGXHWRDFKDQJHLQRVPRWLFVXFWLRQ

&KDSWHU6XFWLRQPHDVXUHPHQWUHVXOWV
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)LJXUH7RWDOVXFWLRQYHUVXVEHQWRQLWHZDWHUFRQWHQWRIWKHIRXUPL[WXUHVDWGLIIHUHQW
VWDWHV1RWHµ/¶PHDQVORRVHVWDWHµ63¶PHDQVFRPSDFWHGWRVWDQGDUGSURFWRUGHQVLW\
DQGµ(3¶PHDQVFRPSDFWHGWRHQKDQFHGSURFWRUGHQVLW\
 7KH IROORZLQJ EHVWILW HTXDWLRQ FDQ EH XVHG WR H[SUHVV WKH UHODWLRQVKLS EHWZHHQ
EHQWRQLWHZDWHUFRQWHQWLQSHUFHQWDQGWRWDOVXFWLRQLQN3DIRUWKHEHQWRQLWHVDQGPL[WXUHV
WHVWHG7KHHTXDWLRQKDVDFRHIILFLHQWRIGHWHUPLQDWLRQURIZLWKDVWDQGDUGHUURU
RIHVWLPDWH6((RIN3DIRUWRWDOVXFWLRQOHVVWKDQN3DDQGN3DIRUWRWDO
VXFWLRQKLJKHUWKDQN3D
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 7RWDO6XFWLRQYHUVXV'HJUHHRI6DWXUDWLRQ
 %DVHG RQ (TXDWLRQ  DQG (TXDWLRQ  LW FDQ EH HDVLO\ SURYHG WKDW WKH
EHQWRQLWH GHJUHH RI VDWXUDWLRQ LV HVVHQWLDOO\ WKH VDPH DV GHJUHH RI VDWXUDWLRQ RI WKH
FRPSDFWHG PL[WXUH 6HPLORJDULWKPLF SORWV RI WRWDO VXFWLRQ YHUVXV EHQWRQLWH GHJUHH RI
VDWXUDWLRQ IRU WKH IRXU PL[WXUHV DUH VKRZQ LQ )LJXUH D WR )LJXUH G 3RLQWV
FRUUHVSRQGLQJ WR WKH RSWLPXP ZDWHU FRQWHQWV DQG WKH PD[LPXP GU\ GHQVLWLHV IRU WKH
VWDQGDUG SURFWRU DQG WKH HQKDQFHG SURFWRU FXUYHV DUH DOVR PDUNHG LQ HDFK ILJXUH IRU
FODULW\ 7KH SORWV LQGLFDWH D QRQXQLTXHQHVV RI WKH WRWDO VXFWLRQ YHUVXV GHJUHH RI
VDWXUDWLRQ UHODWLRQVKLS IRU WKH FRPSDFWHGPL[WXUHVZKLOH WKH WRWDO VXFWLRQ YHUVXVZDWHU

&KDSWHU6XFWLRQPHDVXUHPHQWUHVXOWV

FRQWHQW UHODWLRQVKLS RI HDFK PL[WXUH ZLWK GLIIHUHQW FRPSDFWLRQ HIIRUWV LV VKRZQ WR EH
XQLTXH
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
)LJXUH7RWDOVXFWLRQPHDVXUHGE\WKHFKLOOHGPLUURUK\JURPHWHUYHUVXVEHQWRQLWH
GHJUHHRIVDWXUDWLRQIRUFRPSDFWHGVSHFLPHQVRIDEF
EHQWRQLWHVDQGPL[WXUHVDQGGSXUHEHQWRQLWH
 )RUWKHVSHFLPHQVFRPSDFWHGZHWRIRSWLPXPZLWKDFHUWDLQFRPSDFWLRQHIIRUWWKH
FKDQJHLQWRWDOVXFWLRQZLWKFRPSDFWLRQZDWHUFRQWHQWDWDUHODWLYHO\FRQVWDQWGHJUHHRI
VDWXUDWLRQLQGLFDWHVGLVFRQWLQXLW\RIWKHDLUSKDVH,WLVUHIOHFWHGLQDGURSLQGU\GHQVLW\
ZLWKFRPSDFWLRQZDWHUFRQWHQW7KHLQFUHDVHLQDPRXQWRIDEVRUEHGZDWHURUFRPSDFWLRQ
ZDWHUFRQWHQWGHFUHDVHVWKHWRWDOVXFWLRQDQGGU\GHQVLW\
 7KHWRWDOVXFWLRQLVUHODWHGWRWKHFRPSUHVVLELOLW\RIWKHLQWHUDJJUHJDWHIOXLGVZKHUH
DLU UHPDLQV HQWUDSSHG+LJKHU FRPSDFWLRQ HQHUJ\ RI WKH VSHFLPHQV UHGXFHV WKH VL]H RI
HQWUDSSHG DLU EXEEOHV 7KH LQFUHDVH LQ GHJUHH RI VDWXUDWLRQ DW D FRQVWDQW WRWDO VXFWLRQ

&KDSWHU6XFWLRQPHDVXUHPHQWUHVXOWV

RFFXUV GXH WR WKH LQLWLDOO\ KLJK FRPSUHVVLELOLW\ RI WKH DLU EXEEOHV 7KH DLU EXEEOHV DUH
FRPSOHWHO\GLVVROYHGDQGWKHVSHFLPHQVZLOOQHYHUUHDFKFRPSOHWHVDWXUDWLRQ7KLVLVGXH
WR D GURS LQ WKH FRPSUHVVLELOLW\ RI LQWHUDJJUHJDWH SRUH IOXLGV&RQVHTXHQWO\ WKH SRUH
ZDWHUSUHVVXUH WKDWGHYHORSVDIWHUFRPSDFWLRQ LQFUHDVHV WKHZDWHUSRWHQWLDO LQ WKH LQWHU
DJJUHJDWHSRUHV,W LVDSDUWRI WKHSRWHQWLDOJUDGLHQWEHVLGHVWKHLQWHUQDOZDWHUSRWHQWLDO
JUDGLHQWE\ZKLFKWKHLQWHUQDOUHGLVWULEXWLRQRISRUHZDWHULVFRQWUROOHG
 7KHUDWHRILQWHUQDOSRUHZDWHUUHGLVWULEXWLRQLVFRQWUROOHGE\WKHVXPRIWKHSRUH
ZDWHUSUHVVXUHGHYHORSHGLQWKHLQWHUDJJUHJDWHSRUHVDQGWKHPDJQLWXGHRIWRWDOVXFWLRQ
LQ WKH LQWUDDJJUHJDWH DQG LQWUDODPLQDU SRUHV RU WKH XQEDODQFHG IRUFHV :KHQ
VSHFLPHQVDUHFRPSDFWHGGU\RIRSWLPXP WKHDLUSKDVH LVFRQWLQXRXV ,Q WKLVFDVH WKH
UDWHRI LQWHUQDOUHGLVWULEXWLRQRISRUHZDWHUZDWHU LVFRQWUROOHGRQO\E\WKHGLIIHUHQFHLQ
ZDWHUSRWHQWLDO RU WRWDOVXFWLRQEHWZHHQWKH LQWHUDJJUHJDWH LQWUDDJJUHJDWHDQGLQWHU
ODPLQDU SRUHV ZLWKRXW VLJQLILFDQW LQIOXHQFH RI SRUHZDWHU SUHVVXUH GHYHORSPHQW
7KHUHIRUHWKHGLIIHUHQFHEHWZHHQWRWDOVXFWLRQRIWKHDVSUHSDUHGVSHFLPHQVZLWKWKDWRI
WKH DJHG VSHFLPHQV LQFUHDVHV ZLWK LQFUHDVLQJ FRPSDFWLRQ ZDWHU FRQWHQW WR UHDFK D
PD[LPXP YDOXH 6XEVHTXHQWO\ WKH YDOXH GHFUHDVHV ZLWK LQFUHDVLQJ FRPSDFWLRQ ZDWHU
FRQWHQWVLQFHWKHXQEDODQFHGIRUFHVGHFUHDVHVDVDUHVXOWRIDGHFUHDVHLQWKHWRWDOVXFWLRQ
 0DWULFDQG7RWDO6XFWLRQRIWKH&RPSDFWHG0L[WXUHV
 )LJXUH D WR )LJXUH G VKRZ VHPLORJDULWKPLF SORWV RIPDWULF DQG WRWDO
VXFWLRQV YHUVXVZDWHU FRQWHQW IRU WKH FRPSDFWHGPL[WXUHV REWDLQHG YLD WKH ILOWHU SDSHU
PHWKRG7KHPDWULFVXFWLRQGDWDZHUHFRPSXWHGIURPWKHILOWHUSDSHUZDWHUFRQWHQWXVLQJ
(TXDWLRQZKHUHDVWKHWRWDOVXFWLRQGDWDZHUHFRPSXWHGXVLQJ(TXDWLRQ6LQFH
WKHFDOLEUDWLRQGDWDIRUWKHPDWULFVXFWLRQILOWHUSDSHUPHDVXUHPHQWDUHRQO\DYDLODEOHIRU
PDWULFVXFWLRQVEHORZN3DWKHFDOLEUDWLRQFXUYHLH)LJXUHZDVH[WUDSRODWHG
IRU WKH KLJKHU UDQJH RI PDWULF VXFWLRQ 6LPLODUO\ IRU WKH WRWDO VXFWLRQ ILOWHU SDSHU
PHDVXUHPHQWGDWDWKHH[WUDSRODWLRQZDVDOVRGRQHIRUWKHORZHUWRWDOVXFWLRQUDQJHLH
EHORZN3D7KH WRWDO VXFWLRQPLQXVPDWULFVXFWLRQFXUYHZDVFRPSXWHG IURPWKH
EHVWILWFXUYHVLHWKHWRWDODQGPDWULFVXFWLRQFXUYHVVKRZQLQ)LJXUH7KHPDWULF
VXFWLRQV RI WKH FRPSDFWHG  EHQWRQLWHVDQG PL[WXUH VSHFLPHQV DUH HVVHQWLDOO\
FRQVWDQW XS WR FHUWDLQ ZDWHU FRQWHQW DQG WKHQ WHQGV WR FURVV WKH FRUUHVSRQGLQJ WRWDO
VXFWLRQFXUYHLQWKHKLJKZDWHUFRQWHQWUDQJH7KHUHVXOWVLQGLFDWHWKDWWKHUHPLJKWEHD
VLJQLILFDQW FRQWULEXWLRQ RI PDWULF VXFWLRQ WR WKH WRWDO VXFWLRQ PDJQLWXGH RI WKH 
EHQWRQLWHVDQG PL[WXUHV DW KLJK ZDWHU FRQWHQWV 7KH JHRPHWU\ RI SRUHV LQIOXHQFHV WKH
PDJQLWXGHRIWRWDOVXFWLRQPRUHGRPLQDQWO\WKDQWKHSURSHUWLHVRIWKHFOD\PLQHUDOV7KH
FXUYHVKRXOGKRZHYHUUHPDLQEHORZWKHWRWDOVXFWLRQFXUYHDVPDWULFVXFWLRQLVDOZD\V
OHVV WKDQWRWDOVXFWLRQ2QWKHRWKHUKDQGWKHRWKHU WKUHHFRPSDFWHGPL[WXUHVJHQHUDOO\
VKRZ WKDW WKH WRWDO VXFWLRQPLQXVPDWULF VXFWLRQFXUYHV IROORZFORVHO\ WKH VKDSHRI WKH
WRWDOVXFWLRQFXUYHVLQGLFDWLQJDQLQVLJQLILFDQWFRQWULEXWLRQRIPDWULFVXFWLRQ

&KDSWHU6XFWLRQPHDVXUHPHQWUHVXOWV

 )LOWHU SDSHU LV QRW D WUXH VHPLSHUPHDEOH PHPEUDQH DQG WKHUHIRUH WKH HIIHFW RI
FDWLRQVLQWKHSRUHZDWHULVE\SDVVHGLQWKHPHDVXUHPHQWRIPDWULFVXFWLRQ7KHUHVXOWV
DUH EHOLHYHG WR SURYLGH WKH YDOXHV RI WKH FDSLOODU\ FRPSRQHQW+HQFH WKH WRWDO VXFWLRQ
PLQXV PDWULF VXFWLRQ DV VKRZQ LQ WKH ILJXUH UHSUHVHQWV WKH PDJQLWXGH RI VXP RI WKH
RVPRWLFVXFWLRQDQGFRQWULEXWLRQGXHWRVRUSWLYHIRUFHV7KHGHFUHDVHLQWRWDOVXFWLRQZLWK
LQFUHDVLQJZDWHU FRQWHQW RFFXUV ODUJHO\ DV D UHVXOW RI WKH GHFUHDVH LQ ERWK WKH RVPRWLF
VXFWLRQDQGWKHVRUSWLYHIRUFHVWKDWDUHLQGXFHGE\WKHDGGLWLRQRIZDWHU
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G
)LJXUH7RWDOVXFWLRQDQGPDWULFVXFWLRQPHDVXUHGE\WKHILOWHUSDSHUPHWKRGYHUVXV
ZDWHUFRQWHQWIRUFRPSDFWHGVSHFLPHQVRIDEFEHQWRQLWHVDQG
PL[WXUHVDQGGSXUHEHQWRQLWH



&KDSWHU6XFWLRQPHDVXUHPHQWUHVXOWV

 6XPPDU\RIWKH6XFWLRQ0HDVXUHPHQW5HVXOWV
 7KH IROORZLQJ FRQFOXVLRQV FDQ EH GUDZQ EDVHG RQ WKH UHVXOWV RI VXFWLRQ
PHDVXUHPHQWVRQIRXUEHQWRQLWHVDQGPL[WXUHVDWORRVHDQGFRPSDFWHGVWDWHV
 7KHFKLOOHGPLUURUK\JURPHWHUWHFKQLTXHSRVVHVVHVWKHEHVWDFFXUDF\DPRQJWKHIRXU
WRWDO VXFWLRQ PHDVXUHPHQWV DVVHVVHG LQ WKLV VWXG\ ,W LV UHFRPPHQGHG WKDW WKH
WHFKQLTXHEHXVHGIRUPHDVXULQJWRWDOVXFWLRQRIH[SDQVLYHVRLOVDQGFDQEHXVHGDV
EHQFKPDUNIRUDVVHVVLQJRWKHUDYDLODEOHWHFKQLTXHV
 7KHQRQFRQWDFWILOWHUSDSHUWHFKQLTXHPHDVXUHVWRWDOVXFWLRQDWDTXDVLHTXLOLEULXP
VWDWH ,QWHUQDO UHGLVWULEXWLRQ RI ZDWHU RFFXUV LQ WKH FRPSDFWHG VSHFLPHQV DV WLPH
HODSVHV GXH WR XQEDODQFH IRUFH RU XQEDODQFH GLVWULEXWLRQ RI WRWDO VXFWLRQ RU WRWDO
ZDWHUSRWHQWLDOLQWKHVSHFLPHQVLHWKHK\GUDWLRQHIIHFWV
 7KH LQFRQWDFW ILOWHU SDSHU WHFKQLTXHPHDVXUHV WKH FDSLOODU\ FRPSRQHQW RI VXFWLRQ
7KHGLIIHUHQFHLQVXFWLRQEHWZHHQWKHYDOXHVREWDLQHGYLDWKHQRQFRQWDFWILOWHUSDSHU
WHFKQLTXH DQG WKDW REWDLQHG YLD WKH LQFRQWDFW ILOWHU SDSHU WHFKQLTXH SURYLGHV WKH
PDJQLWXGHRIVXPRIWKHRVPRWLFDQGVRUSWLYHIRUFHV
 7RWDO VXFWLRQRI WKHEHQWRQLWHVDQGPL[WXUHV VWXGLHG LV D IXQFWLRQRIPL[WXUHZDWHU
FRQWHQW DQGPL[WXUH EHQWRQLWH FRQWHQW RU FROOHFWLYHO\ D IXQFWLRQRI EHQWRQLWHZDWHU
FRQWHQW 1R VLJQLILFDQW LQIOXHQFH RI FRPSDFWLRQ RU GU\ GHQVLW\ DQG IDEULF LV
REVHUYHGLQWKHPDJQLWXGHRIWRWDOVXFWLRQ
 7KH WRWDO VXFWLRQ YHUVXV EHQWRQLWH ZDWHU FRQWHQW LV D XQLTXH IXQFWLRQ ZKLOH WKH
XQLTXHQHVVLVQRWREVHUYHGLQWKHWRWDOVXFWLRQYHUVXVEHQWRQLWHGHJUHHRIVDWXUDWLRQ


&KDSWHU8QFRQILQHGDQGFRQVWDQWORDGF\FOLFZHWWLQJDQGGU\LQJEHKDYLRXU

&+$37(5 
81&21),1('$1'&2167$17/2$'&<&/,&:(77,1*$1'
'5<,1*%(+$9,285
 *HQHUDO
 ,QWKLVFKDSWHUUHVXOWVRIWKHXQFRQILQHGZHWWLQJDQGGU\LQJWHVWDQGF\FOLFZHWWLQJ
DQGGU\LQJWHVWXQGHUFRQVWDQWYHUWLFDOORDGDUHSUHVHQWHGDQGGLVFXVVHG$OWKRXJKWKHXVH
RI D[LVWUDQVODWLRQ WHFKQLTXH $77 E\ PHDQV RI SUHVVXUH SODWH WHVWV UHVXOWV LQ PDWULF
VXFWLRQ EHLQJ DSSOLHG ZKHUHDV WKH YDSRXU HTXLOLEULXP WHFKQLTXH 9(7 LPSRVHV WRWDO
VXFWLRQ ERWK DUH FRQVLGHUHG WR EULQJ WKH VDPH HIIHFWV WR WKH VSHFLPHQV WHVWHG 7KLV LV
SDUWLFXODUO\WUXHZKHQQRGLOXWLRQRILRQVLVDVVXPHGWRRFFXUGXULQJWHVWXVLQJWKH$77
7KXVWKHUHVXOWVRIERWKWHFKQLTXHVFDQEHFRPELQHGWRHVWDEOLVKFRQWLQXRXVUHODWLRQVKLSV
EHWZHHQ DVSHFWV XQGHU FRQVLGHUDWLRQ LH ZDWHU FRQWHQW YRLG UDWLR DQG GHJUHH RI
VDWXUDWLRQZLWKVXFWLRQ
 8QFRQILQHG:HWWLQJDQG'U\LQJ%HKDYLRXU
 ,QLWLDO7RWDO6XFWLRQ
 )LJXUH  VKRZV D VHPLORJDULWKPLF SORW RI ZDWHU FRQWHQW DQG YROXPHWULF ZDWHU
FRQWHQWYHUVXVVXFWLRQRIVSHFLPHQV8&WR8&LQZKLFKWKHILUVWDSSOLHGVXFWLRQZDV
XVHG IRU GHWHUPLQLQJ WKH DYHUDJH LQLWLDO WRWDO VXFWLRQ RI WKH VSHFLPHQV 7KHPHWKRG LV
DQDORJXH WR WKHPHDVXUHPHQW RI VZHOOLQJ SUHVVXUH XVLQJ VZHOOXQGHUORDGPHWKRG 7KH
VSHFLPHQV ZKLFK ZHUH VXEMHFWHG WR WRWDO VXFWLRQV OHVV WKDQ WKH LQLWLDO WRWDO VXFWLRQ
VZHOOHG DQG DEVRUEHGZDWHU 7KH VSHFLPHQV VXEMHFWHG WR WRWDO VXFWLRQV KLJKHU WKDQ WKH
LQLWLDO WRWDO VXFWLRQVKUXQNDQGUHOHDVHZDWHU/LQHVRIDYHUDJH LQLWLDOZDWHUFRQWHQWDQG
LQLWLDOYROXPHWULFZDWHUFRQWHQWDUHGUDZQLQWKHILJXUH7KHDYHUDJHLQLWLDOWRWDOVXFWLRQ
ZDV LQGLFDWHG E\ WKH LQWHUVHFWLRQ EHWZHHQ ZDWHU FRQWHQW DQG YROXPHWULF ZDWHU FRQWHQW
FXUYHV DQG WKH FRUUHVSRQGLQJ LQLWLDO YDOXHV LH  DQG  UHVSHFWLYHO\ 7KH
DYHUDJH LQLWLDO WRWDO VXFWLRQEDVHGRQ WKHDYHUDJH LQLWLDOZDWHUFRQWHQWRI WKH VSHFLPHQV
ZDVN3DZKLOH WKHYDOXH LQIHUUHGEDVHGRQ WKHDYHUDJHYROXPHWULFZDWHUFRQWHQW
ZDV  N3D $ VHSDUDWH PHDVXUHPHQW RI WRWDO VXFWLRQ PDGH RQ WKH DVSUHSDUHG
VSHFLPHQXVLQJWKHFKLOOHGPLUURUK\JURPHWHUJDYHDQLQLWLDOWRWDOVXFWLRQRIN3D
7KH WRWDO VXFWLRQ LQGXFHG E\ WKH DTXHRXV .&O VROXWLRQ ZKLFK ZDV XVHG LQ WKH
HTXLOLEUDWLRQLHN3DLVFRQVLGHUHGWREHWKHDYHUDJHLQLWLDO WRWDOVXFWLRQRIWKH
DVSUHSDUHGFRPSDFWHGVSHFLPHQVDQGIXUWKHUXVHGLQWKHGDWDDQDO\VHV

&KDSWHU8QFRQILQHGDQGFRQVWDQWORDGF\FOLFZHWWLQJDQGGU\LQJEHKDYLRXU
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ZDWHUFRQWHQW8&WR8&
YROXPHWULFZDWHUFRQWHQW8&WR8&
GLUHFWPHDVXUHPHQW&0+
EHVWILWZDWHUFRQWHQW
EHVWILWYROXPHWULFZDWHUFRQWHQW
$YHUDJHYROXPHWULFZDWHUFRQWHQW
$YHUDJHZDWHUFRQWHQW

)LJXUH(TXLOLEULXPZDWHUFRQWHQWDQGYROXPHWULFZDWHUFRQWHQWYHUVXVVXFWLRQIRU
VSHFLPHQV8&WR8&ILUVWVXFWLRQF\FOH
 0DLQ'U\LQJDQG:HWWLQJ&XUYHV
 7KHPDLQGU\LQJ DQGZHWWLQJ FXUYHV UHSUHVHQW WKHPRVW DWWDLQDEOH VWDWHV RI D VRLO
VXEMHFWHGWRGU\LQJDQGRUZHWWLQJF\FOHVXQGHUXQFRQILQHGFRQGLWLRQV7KHPDLQGU\LQJ
FXUYH RI D FOD\ VRLO LV XVXDOO\ REWDLQHG IURP XQFRQILQHG GU\LQJ WHVW RI D VOXUULHG FOD\
VSHFLPHQZLWKLQLWLDOZDWHUFRQWHQWKLJKHUWKDQLWVOLTXLGOLPLW$O0XNKWDUHWDO
0DUFLDOHWDODQG)OHXUHDXHWDO+RZHYHUWKHPDLQGU\LQJFXUYHIRUZDWHU
FRQWHQW YHUVXV VXFWLRQ UHODWLRQVKLS LV VKRZQ WR EH XQLTXH DQG LQGHSHQGHQW RI WKH
VSHFLPHQLQLWLDOFRQGLWLRQV)OHXUHDXHWDO
 ,QWKLVVWXG\WKHPDLQGU\LQJDQGZHWWLQJFXUYHVZHUHREWDLQHGIURPWKHWHVWUHVXOWV
RIVSHFLPHQV8&DQGVLQFH WKH\FRQVWLWXWH WKHPRVWDWWDLQDEOHVWDWHVLH
WKHPDLQGU\LQJDQGZHWWLQJFXUYHVDWOHDVWIRUWKHVSHFLPHQVWHVWHGLQWKLVVWXG\)LJXUH
D WR )LJXUH F VKRZV UHVSHFWLYHO\ ZDWHU FRQWHQW YRLG UDWLR DQG GHJUHH RI
VDWXUDWLRQ YHUVXV VXFWLRQ RI VHYHUDO VSHFLPHQV LH VSHFLPHQV 8&    DQG 
ZHWWHG XQGHU XQFRQILQHG FRQGLWLRQV )LJXUH D LQGLFDWHV WKDW WKH FXUYH RI ZDWHU
FRQWHQW YHUVXV VXFWLRQ IRU VSHFLPHQV 8& LH WKH VSHFLPHQ ZKLFK ZDV LQLWLDOO\
VDWXUDWHGXQGHUFRQVWDQWYROXPH &9FRQGLWLRQVEHIRUH WHVW IRUP WKHPRVWSDUWRI WKH
PDLQGU\LQJFXUYH

&KDSWHU8QFRQILQHGDQGFRQVWDQWORDGF\FOLFZHWWLQJDQGGU\LQJEHKDYLRXU

 7KH PDLQ ZHWWLQJ FXUYH RI WKH PDWHULDO LV FRQVWLWXWHG E\ WKH GDWD REWDLQHG IRU
VSHFLPHQV 8& DQG 8& 7KH YRLG UDWLR YHUVXV VXFWLRQ UHODWLRQVKLSV RI WKH ILYH
VSHFLPHQVSUHVHQWHGLQ)LJXUHVKRZDGLIIHUHQWFKDUDFWHULVWLF7KHGDWDRIVSHFLPHQ
8&FURVVWKHYRLGUDWLRYHUVXVVXFWLRQFXUYHVRIWKHIRXURWKHUVSHFLPHQV$SSDUHQWO\
WKHUHDUHQRPDLQGU\LQJDQGPDLQZHWWLQJFXUYHVWKDWFDQEHREWDLQHGIURPWKHYRLGUDWLR
YHUVXVVXFWLRQUHODWLRQVKLS,WZLOOODWHUEHVKRZQWKDWWKHYRLGUDWLRYHUVXVVXFWLRQFXUYH
LVGHSHQGHQWRQWKHLQLWLDOFRQGLWLRQVRIWKHVSHFLPHQ
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8&GU\LQJZHWWLQJIURPDVSUHSDUHGFRQGV
8&ZHWWLQJIURPRYHQGULHGFRQGV
8&GU\LQJDIWHUVDWXUDWLRQXQGHU&9FRQGV
8&DQG8&ZHWWLQJIURPDVSUHSDUHGFRQGV
DVSUHSDUHG
FRQGLWLRQV
VDWXUDWHGZDWHUFRQWHQW
DIWHUVDWXUDWLRQXQGHU
FRQVWDQWYROXPHFRQGV
ZDWHUFRQWHQW
LQFUHDVHGXH
WRUHOHDVHRI
VZHOOLQJ
SUHVVXUH
PDLQZHWWLQJFXUYH
PDLQGU\LQJFXUYH

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8&GU\LQJDIWHUVDWXUDWLRQXQGHU&9FRQGV
8&DQG8&ZHWWLQJIURPDVSUHSDUHGFRQGV
DVSUHSDUHG
FRQGLWLRQV
YRLGUDWLRDIWHUZHWWLQJ
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8&GU\LQJZHWWLQJIURPDVSUHSDUHGFRQGV
8&ZHWWLQJIURPRYHQGULHGFRQGV
8&GU\LQJDIWHUVDWXUDWLRQXQGHU&9FRQGV
8&DQG8&ZHWWLQJIURPDVSUHSDUHGFRQGV
DVSUHSDUHG
FRQGLWLRQV
PDLQZHWWLQJFXUYH
PDLQGU\LQJFXUYH
DLUHQW\YDOXH

F
)LJXUH3RVVLEOHPDLQZHWWLQJFXUYHVDZDWHUFRQWHQWYHUVXVVXFWLRQEYRLGUDWLR
YHUVXVVXFWLRQDQGFGHJUHHRIVDWXUDWLRQYHUVXVVXFWLRQ

&KDSWHU8QFRQILQHGDQGFRQVWDQWORDGF\FOLFZHWWLQJDQGGU\LQJEHKDYLRXU

 7KHGHJUHHRIVDWXUDWLRQRIVSHFLPHQV8&DQG8&VKRZODUJHO\QRFKDQJHZLWK
GHFUHDVLQJ VXFWLRQ RQ ZHWWLQJ )LJXUH F 7KH GHJUHH RI VDWXUDWLRQ YHUVXV VXFWLRQ
FXUYHRIVSHFLPHQ8&DOVRIRUPVWKHPDLQGU\LQJSDWKRIWKHPDWHULDO7KHDLUHQWU\
YDOXHRIWKLVSDUWLFXODUVSHFLPHQWKDWFDQEHLQIHUUHGIURPWKHILJXUHDVWKHSRLQWZKHUH
WKHGHJUHHRIVDWXUDWLRQVWDUWVWRGURSIURPWKHVDWXUDWLRQYDOXHLVDERXWN3DZKLFK
LVDOPRVWVLPLODUWRWKHLQLWLDOWRWDOVXFWLRQRIWKHDVSUHSDUHGVSHFLPHQV
 6LPLODU WR WKHZDWHU FRQWHQW YHUVXV VXFWLRQ FXUYH WKHPDLQZHWWLQJ FXUYH RI WKH
PDWHULDOLVFRPSRVHGE\WKHH[SHULPHQWDOGDWDRIVSHFLPHQV8&DQG8&+RZHYHU
WKHGDWDLQGLFDWHWKDWWKHUHLVDOLPLWLQJVXFWLRQEHORZZKLFKIXUWKHUZHWWLQJRUGHFUHDVH
LQVXFWLRQGRHVQRWLQGXFHVLJQLILFDQWLQFUHDVHLQWKHGHJUHHRIVDWXUDWLRQ
 $FFRUGLQJWR)LJXUHFWKHYDOXHRIVXFKDOLPLWLQJVXFWLRQLVFORVHWRWKHLQLWLDO
WRWDOVXFWLRQRIWKHDVSUHSDUHGVSHFLPHQV7KHOLPLWLQJYDOXHRIGHJUHHRIVDWXUDWLRQWKDW
FDQEHUHDFKHGGXULQJZHWWLQJLVDIXQFWLRQRIVXFWLRQDWZKLFKWKHZHWWLQJSDWKEHJLQVRU
LQRWKHUZRUGV LV D IXQFWLRQRI WKHKLJKHVW WRWDO VXFWLRQ WKDW LV HYHUH[SHULHQFHGE\ WKH
VSHFLPHQ 7KH KLJKHU WKH VXFWLRQ DW ZKLFK ZHWWLQJ LV VWDUWHG WKH ORZHU ZLOO EH WKH
OLPLWLQJGHJUHHRIVDWXUDWLRQRI WKHVSHFLPHQ7KHGLIIHUHQWPDLQSDWKVREWDLQHGIRU WKH
GU\LQJ DQG ZHWWLQJ FXUYHV RI ZDWHU FRQWHQW DQG GHJUHH RI VDWXUDWLRQ YHUVXV VXFWLRQ
UHODWLRQVKLSVVLJQLI\K\VWHUHVLVLQWKHK\GUDXOLFEHKDYLRXURIWKHVSHFLPHQV
 7KLVILQGLQJLVLQFRQWUDGLFWLRQZLWKWKHREVHUYDWLRQPDGHE\)OHXUHDXHWDO
RQGLIIHUHQWFOD\VSHFLPHQV,QWKHLUREVHUYDWLRQWKHFOD\VSHFLPHQVUHDFKHGDFRPSOHWH
VDWXUDWLRQRQZHWWLQJIURPDKLJKVXFWLRQYDOXH)OHXUHDXHWDOXVHGDQRQZHWWLQJ
OLTXLG LHNHUGDQH IRUPHDVXULQJYRLG UDWLRRI WKH VSHFLPHQV7KHQRQZHWWLQJ OLTXLG
LQWUXGHGVPDOOFUDFNVDQGSUREDEO\DOVRVRPHRIWKHODUJHFRQWLQXRXVDLUILOOHGSRUHVLQ
WKHVSHFLPHQZKLFKGHYHORSHGGXHWRWKHSUHYLRXVGU\LQJF\FOH7KHUHIRUHWKHFUDFNVDQG
VRPHRI WKH ODUJH FRQWLQXRXV DLUILOOHG SRUHVZHUH DFFRXQWHG IRU LQ WKH FRPSXWDWLRQ RI
GHJUHHRIVDWXUDWLRQ
 5HYHUVLEOH'U\LQJ:HWWLQJ%HKDYLRXU
 )LJXUH D VKRZ ZDWHU FRQWHQW YHUVXV VXFWLRQ RI VHYHUDO VSHFLPHQV WKDW
XQGHUZHQW ZHWWLQJGU\LQJ F\FOHV LH VSHFLPHQV8&     DQG  7KH ILJXUH
LQGLFDWHV WKDW DV ORQJ DV WKH GU\LQJ DQG ZHWWLQJ SDWKV GR QRW HYHU WRXFK WKH WZR
ERXQGDULHV LH WKH PDLQ GU\LQJ DQG ZHWWLQJ FXUYHV WKH UHVSRQVH RI VSHFLPHQV WR
K\GUDXOLFSURFHVVHVLHGU\LQJRUZHWWLQJLVUHYHUVLEOH$VLPLODUEHKDYLRXULVDOVRVHHQ
LQWKHFDVHRIYRLGUDWLRDQGGHJUHHRIVDWXUDWLRQYHUVXVVXFWLRQUHODWLRQVKLSVDVVKRZQLQ
)LJXUHEDQG)LJXUHFUHVSHFWLYHO\
 7KH UHYHUVLEOH GU\LQJ DQG ZHWWLQJ EHKDYLRXU ZDV DOVR REVHUYHG E\ &XL HW DO
E RQ )R&D FOD\ VSHFLPHQVZKLFKZHUH VXEMHFWHG WR F\FOLF GU\LQJ DQGZHWWLQJ

&KDSWHU8QFRQILQHGDQGFRQVWDQWORDGF\FOLFZHWWLQJDQGGU\LQJEHKDYLRXU

XQGHU XQFRQILQHG FRQGLWLRQV VXFWLRQ UDQJH EHWZHHQ  N3D DQG   N3D 1R
LQIRUPDWLRQZDVJLYHQUHJDUGLQJWKHPDLQGU\LQJDQGZHWWLQJFXUYHVRIWKHVSHFLPHQV
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8&ZHWWLQJGU\LQJ
8&ZHWWLQJGU\LQJ
8&ZHWWLQJGU\LQJ
8&GU\LQJZHWWLQJ
8&GU\LQJZHWWLQJ
8&ZHWWLQJGU\LQJ
DVSUHSDUHG
FRQGLWLRQV
PDLQZHWWLQJFXUYH
PDLQGU\LQJFXUYH

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6XFWLRQVN3D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8&ZHWWLQJGU\LQJ
8&ZHWWLQJGU\LQJ
8&ZHWWLQJGU\LQJ
8&GU\LQJZHWWLQJ
8&GU\LQJZHWWLQJ
8&ZHWWLQJGU\LQJ
DVSUHSDUHG
FRQGLWLRQV


E

&KDSWHU8QFRQILQHGDQGFRQVWDQWORDGF\FOLFZHWWLQJDQGGU\LQJEHKDYLRXU
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8&ZHWWLQJGU\LQJ
8&ZHWWLQJGU\LQJ
8&ZHWWLQJGU\LQJ
8&GU\LQJZHWWLQJ
8&GU\LQJZHWWLQJ
8&ZHWWLQJGU\LQJ
DVSUHSDUHG
FRQGLWLRQV
PDLQZHWWLQJFXUYH
PDLQGU\LQJ
FXUYH

F
)LJXUH:HWWLQJDQGGU\LQJEHKDYLRXURIVHYHUDOVSHFLPHQVDZDWHUFRQWHQWYHUVXV
VXFWLRQEYRLGUDWLRYHUVXVVXFWLRQDQGFGHJUHHRIVDWXUDWLRQYHUVXVVXFWLRQ
 2EVHUYDWLRQRI&UDFNVGXULQJ'U\LQJ
 )LJXUH  VKRZV ZDWHU FRQWHQW YHUVXV VXFWLRQ FXUYH RI VSHFLPHQV 8& LQ
FRPSDULVRQ ZLWK WKDW RI VSHFLPHQ 8& 7KH GU\LQJ FXUYH RI VSHFLPHQ 8&
FRQWUDGLFWRULO\JRHVPXFKEHORZ WKH DSSDUHQWPDLQZHWWLQJ FXUYH$WKLJK VXFWLRQ WKH
FXUYHHYHQDSSHDUVWRIROORZWKHPDLQZHWWLQJSDWK7KHUHDVRQIRUWKLVGLVFUHSDQF\PD\
EHWKHFUDFNVZKLFKGHYHORSHGGXULQJGU\LQJRIVSHFLPHQ8&&UDFNGHYHORSPHQWLV
RQHRIWKHPDMRUFRQFHUQVUHJDUGLQJWKHXVHRIWKLVPDWHULDODVVHDOLQJDQGEXIIHUPDWHULDO
IRUQXFOHDUZDVWH UHSRVLWRU\7KHSUHVHQFHRIFUDFNVVLJQLILFDQWO\ LQFUHDVHV WKH LQWULQVLF
SHUPHDELOLW\RIWKHPDWHULDO
 7KH LQIOXHQFH RI FUDFNV LV FOHDUO\ VHHQ LQ WKH GHJUHH RI VDWXUDWLRQ YHUVXV VXFWLRQ
FXUYH)LJXUH7KHGHJUHHRIVDWXUDWLRQRIVSHFLPHQ8&GURSSHGPXFKORZHUWKDQ
WKDWRIVSHFLPHQ8&DWWKHVDPHVXFWLRQ$OWKRXJKERWKVSHFLPHQVZHUHDWVDWXUDWLRQ
EHIRUH WKHFRPPHQFHPHQWRIGU\LQJSURFHVVGXH WR WKHFUDFNV WKDWZHUHQRW WDNHQ LQWR
DFFRXQW WKH FRPSXWHG GHJUHH RI VDWXUDWLRQ LH EDVHG RQPDVV DQG GLPHQVLRQ RI WKH
VSHFLPHQRIVSHFLPHQ8&ZDVPXFKOHVVWKDQHYHQDWORZYDOXHVRIVXFWLRQ
+RZHYHULWLVWKRXJKWWKDWWKHLQWDFWEORFNRIVSHFLPHQ8&PLJKWEHDWVDWXUDWLRQDQG
WKHGHJUHHRIVDWXUDWLRQYHUVXVVXFWLRQFXUYHVKRXOGKDYHIROORZHGWKDWRIVSHFLPHQ8&
LHWKHDSSDUHQWPDLQGU\LQJSDWK

&KDSWHU8QFRQILQHGDQGFRQVWDQWORDGF\FOLFZHWWLQJDQGGU\LQJEHKDYLRXU
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6XFWLRQV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8&GU\LQJDIWHUVDWXUDWLRQ
XQGHU&9FRQGV
8&GU\LQJDIWHU'VZHOOLQJ
XQGHUDVHDWLQJORDG
VDWXUDWHGZDWHU
FRQWHQW
DIWHUVDWXUDWLRQ
XQGHUFRQVWDQW
YROXPHFRQGV
ZDWHUFRQWHQW
LQFUHDVHGXH
WRUHOHDVHRI
VZHOOLQJ
SUHVVXUH
PDLQZHWWLQJ
FXUYH
PDLQGU\LQJ
FXUYH

)LJXUH:DWHUFRQWHQWYHUVXVVXFWLRQIRUVSHFLPHQV8&DQG8&
 %\ DVVXPLQJ WKDW WKH DLUHQWU\ YDOXH RI VSHFLPHQ 8& LV HTXDO WR WKDW RI
VSHFLPHQ 8& DQG QR FKDQJH LQ YROXPH RI WKH VSHFLPHQ WRRN SODFH XSRQ GU\LQJ
EH\RQG WKH DLUHQWU\ YDOXH D FRUUHFWHG GU\LQJ FXUYH IRU FUDFNHG VSHFLPHQ FDQ EH
REWDLQHG7KHGU\LQJFXUYHRIWKHFUDFNHGVSHFLPHQLHVSHFLPHQ8&LVDOVRSORWWHG
LQ)LJXUH

&KDSWHU8QFRQILQHGDQGFRQVWDQWORDGF\FOLFZHWWLQJDQGGU\LQJEHKDYLRXU
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8&GU\LQJDIWHUVDWXUDWLRQ
XQGHU&9FRQGV
8&GU\LQJDIWHU'VZHOOLQJ
XQGHUDVHDWLQJORDG
8FRUUHFWHG
P ZHWWLQJ
PDLQGU\LQJ
FXUYH
7KHLQWDFWEORFNZDVVWLOO
XQGHUVDWXUDWHG
FRQGLWLRQVGXHWRFUDFNV
QRWEHLQJWDNHQLQWR
DFFRXQWZKHQFDOFXODWLQJ
WKHGHJUHHRIVDWXUDWLRQ
DLQ
FXUYH
)LJXUH'HJUHHRIVDWXUDWLRQYHUVXVVXFWLRQIRUVSHFLPHQV8&DQG8&DQG
GLJLWDOSKRWRRIVSHFLPHQ8&DWN3DVXFWLRQ
 )LJXUH  LOOXVWUDWHV WKH HYROXWLRQ RI VRLO VWUXFWXUH RI VSHFLPHQ 8& GXULQJ
ZHWWLQJDQGGU\LQJF\FOHVZKLFKKDVEHHQSRVWXODWHGEDVHGRQWKHGDWDSUHVHQWHGVRIDU
$IWHU ZHWWLQJ XQGHU FRQVWDQW YROXPH FRQGLWLRQV KRPRJHQLVDWLRQ RI VRLO VWUXFWXUH
RFFXUUHG DQG WKH VSHFLPHQZDV DW VDWXUDWLRQ LH 6WDWH  LQ WKH ILJXUH 'HODJH HW DO
7KHUHZDVDOLWWOHLQFUHDVHLQYRLGUDWLRRIWKHVSHFLPHQGXHWRWKHGHIRUPDELOLW\RI
FRQVWDQW YROXPH FHOO XVHG 5HOHDVH RI VZHOOLQJ SUHVVXUH LQGXFHG DQ LQFUHDVH LQ ZDWHU
FRQWHQW DQG YRLG UDWLR ZKHUHDV WKH VSHFLPHQ UHPDLQHG VDWXUDWHG DQG VWUXFWXUDOO\
KRPRJHQHRXVLH6WDWHLQWKHILJXUH$WDQLQWHUPHGLDWHVXFWLRQRQGU\LQJLH6WDWH
LQWKHILJXUHWKHVSHFLPHQVKUXQNZKLOHPDLQWDLQLQJLWVVWUXFWXUDOKRPRJHQHLW\2QO\
DW D YHU\ KLJK VXFWLRQ YDOXH WKH VSHFLPHQ EHFDPH LQKRPRJHQHRXV IROORZLQJ IXUWKHU
VKULQNLQJ LH 6WDWH  LQ WKH ILJXUH $W WKLV VWDWH YLVLEOH FUDFNV ZHUH VHHQ LQ WKH
VSHFLPHQ +RZHYHU WKH LQWDFW EORFNV RI WKH VSHFLPHQ ZHUH PRVW SUREDEO\ FORVH WR
VDWXUDWLRQ,QWKLVFDVHDLUZDVORFDWHGLQWKHODUJHSRUHVLHWKHFUDFNVRULQWKHFDVH
ZKHQ WKH LQWDFW EORFNV ZHUH QRW DW VDWXUDWLRQ DLU PLJKW DOVR H[LVW ZLWKLQ WKH EORFNV
7KHUHIRUH WKH LQWDFW EORFNV '2 127 UHSUHVHQW WKH FOD\ FOXVWHUV EXW WKH\ DUH D
FRPELQDWLRQRIFOD\FOXVWHUVZLWKLQWHUDJJUHJDWHSRUHVLQEHWZHHQ,WVKRXOGEHQRWHGWKDW
WKHYRLGUDWLRDQGGHJUHHRIVDWXUDWLRQDW6WDWHDUHRQO\WKHDSSDUHQWYDOXHVEDVHGRQWKH
PDVVDQGGLPHQVLRQPHDVXUHPHQWV

&KDSWHU8QFRQILQHGDQGFRQVWDQWORDGF\FOLFZHWWLQJDQGGU\LQJEHKDYLRXU


)LJXUH(YROXWLRQRIWKHVWUXFWXUHRIVSHFLPHQ8&GXULQJZHWWLQJDQGGU\LQJF\FOHV
 $ VLPLODU LOOXVWUDWLRQ FDQ DOVR EHPDGH IRU VSHFLPHQ8& )LJXUH  ,Q WKLV
FDVH WKH RQHGLPHQVLRQDO VZHOOLQJ DW D VHDWLQJ ORDG RI WKH LQLWLDOO\ VWUXFWXUDOO\
LQKRPRJHQHRXV VSHFLPHQ RQZHWWLQJ OHG WR DPRUH LQKRPRJHQHRXV VSHFLPHQ HYHQ WKH
GHJUHHRIVDWXUDWLRQDWWKHHQGRIVZHOOLQJZDVLH6WDWHLQWKHILJXUH$WWKLV
SRLQW D QRQXQLIRUPGLVWULEXWLRQ RIZDWHU SRWHQWLDO RU VXFWLRQ EHWZHHQ WKH LQWHU DQG
LQWUDDJJUHJDWH SRUHZDWHU PLJKW H[LVW LQ WKH VSHFLPHQ DOWKRXJK LWV PDFURVFRSLF
VZHOOLQJZDVFRPSOHWHG2SSRVLWHO\DXQLIRUPVXFWLRQGLVWULEXWLRQLQWKHVSHFLPHQZDV
DOVRSRVVLEOH,QWKHIRUPHUFDVHZDWHULQWKHLQWHUDJJUHJDWHSRUHVGUDLQHGRXWILUVWZKHQ
VXFWLRQ ZDV LQFUHDVHG WR  N3D LH 6WDWH  LQ WKH ILJXUH ZKHUHDV WKH LQWDFW EORFNV
EHWZHHQ FUDFNVZHUH VWLOO DW VDWXUDWLRQ 6LPXOWDQHRXVO\ LQWHUQDO UHGLVWULEXWLRQ RIZDWHU
RFFXUUHG ,Q WKH ODWWHU FDVH QR LQWHUQDO UHGLVWULEXWLRQ RI ZDWHU WRRN SODFH ZLWKLQ WKH
VSHFLPHQDQGWKHFUDFNVZHUHFDXVHGE\DGLIIHUHQFHLQUHVSRQVHRI WKHFOD\FOXVWHUV WR
GHIRUPDVDUHVXOWRIZDWHUEHLQJGUDLQHGRXWDQGWKHPRYHPHQWRILQWHUDJJUHJDWHSRUH
ZDWHUGXULQJGU\LQJ7KHPHFKDQLVPVWKDWRFFXUUHGDW6WDWHDQG6WDWHDUHWKRXJKWWR
EHVLPLODUWRWKDWDW6WDWHZKHUHWKHVSHFLPHQEHFDPHPRUHVWUXFWXUDOO\LQKRPRJHQHRXV
DQGVHYHUHFUDFNVGHYHORSHGDWWKHHQG

&KDSWHU8QFRQILQHGDQGFRQVWDQWORDGF\FOLFZHWWLQJDQGGU\LQJEHKDYLRXU


)LJXUH(YROXWLRQRIWKHVWUXFWXUHRIVSHFLPHQ8&GXULQJZHWWLQJDQGGU\LQJF\FOHV

 ,QIOXHQFHRI,QLWLDO&RQGLWLRQVEHIRUH'U\LQJRU:HWWLQJRQWKH)LQDO9RLG
5DWLR
 )LJXUHGHSLFWVWKHYRLGUDWLRYHUVXVZDWHUFRQWHQWFXUYHVRIWKHGU\LQJSDWKVRU
WKH VKULQNDJHFXUYHRI VHYHUDO VSHFLPHQV WHVWHG LQ WKH VWXG\ ,W LV VKRZQ WKDW WKH ILQDO
YRLGUDWLRLHDW]HURZDWHUFRQWHQWDSSHDUVWRGHSHQGRQWKHVSHFLPHQFRQGLWLRQVLH
WKHZDWHUFRQWHQWDQGYRLGUDWLRDWZKLFKGU\LQJ LV ILUVWVWDUWHG6SHFLPHQV8&DQG
8&KDGWKHVDPHVXFWLRQEHIRUHGU\LQJLH]HURHTXLOLEULXPVXFWLRQKRZHYHUWKH\
KDGGLIIHUHQWILQDOYRLGUDWLRVDW]HURZDWHUFRQWHQW6LQFHWKHHQGYDOXHVRIWKHYRLGUDWLR
DUHRQO\ WKHDSSDUHQWYDOXHV LHZLWKRXWDFFRXQWLQJ IRU WKHFUDFNVDXQLTXHYDOXHRI
ILQDOYRLGUDWLRVKRXOGKDYHEHHQREWDLQHGIRUVHYHUDOVSHFLPHQVRQVWHSZLVHGGU\LQJWR
RYHQGULHG FRQGLWLRQV LH E\ PHDQV RI PXOWLVWHS VXFWLRQ LQFUHDVH DOWKRXJK WKH
VSHFLPHQVKDYHGLIIHUHQWLQLWLDOFRQGLWLRQVEHIRUHGU\LQJ
 7KH LQWHUVHFWLRQ SRLQW EHWZHHQ WZR OLQHDU SDUWV RI WKH VKULQNDJH FXUYH RI HDFK
VSHFLPHQ ZKLFK OLHV EHWZHHQ  DQG  DJUHHV ZHOO ZLWK WKH PHDVXUHG VKULQNDJH
OLPLWRIWKHPDWHULDOLH)LJXUH7KHVKULQNDJHOLPLWRIDFOD\VRLOLVXVXDOO\

&KDSWHU8QFRQILQHGDQGFRQVWDQWORDGF\FOLFZHWWLQJDQGGU\LQJEHKDYLRXU

REWDLQHGIURPGU\LQJRIDVSHFLPHQZLWKDKLJKLQLWLDOZDWHUFRQWHQWLHKLJKHUWKDQLWV
OLTXLGOLPLWRUIURPDVOXUULHGVSHFLPHQ6ULGKDUDQDQG3UDNDVK

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8&GU\LQJSDWK
8&GU\LQJSDWK
8&GU\LQJSDWK
8&GU\LQJSDWK
8&GU\LQJSDWK
8&GU\LQJSDWK
8&GU\LQJSDWK
VDWXUDWLRQOLQH
VKULQNDJHOLPLW

)LJXUH6KULQNDJHFXUYHVRIVHYHUDOVSHFLPHQVWHVWHG
 $ VLPLODU SORW FDQ DOVR EH PDGH IRU WKH YRLG UDWLR YHUVXV ZDWHU FRQWHQW ZHWWLQJ
FXUYHVRUWKHVZHOOLQJFXUYHV)LJXUH6LPLODUO\DDYHUDJHVKULQNDJHOLPLWRI
WKHPDWHULDOFDQDOVREHGHSLFWHGLQWKHILJXUHLQVLPLODUZD\WRKRZWKHYDOXHKDVEHHQ
REWDLQHG IRU WKHGU\LQJFDVH7KHYRLG UDWLRDW LQWHUPHGLDWHZDWHU FRQWHQW HJ DW
ZDWHUFRQWHQWFDQEHFRQVLGHUHGDVDUHIHUHQFHWRDVVHVVWKHVZHOOLQJFXUYHV,WDSSHDUV
WKDW WKH YRLG UDWLR DW WKH UHIHUHQFH ZDWHU FRQWHQW LV D IXQFWLRQ RI ZDWHU FRQWHQW
FRUUHVSRQGLQJWRWKHVXFWLRQDWZKLFKZHWWLQJLVVWDUWHG7KHKLJKHULVWKHVSHFLPHQZDWHU
FRQWHQWZKHQZHWWLQJ LV ILUVW VWDUWHG WKH KLJKHUZLOO EH WKH VSHFLPHQ YRLG UDWLR DW WKH
UHIHUHQFHZDWHUFRQWHQW7KHYRLGUDWLRRIVSHFLPHQ8&DWWKHUHIHUHQFHZDWHUFRQWHQW
ZDV WKH KLJKHVW FRPSDUHG WR WKH YRLG UDWLR RI VSHFLPHQV8& DQG8& DW WKH VDPH
ZDWHUFRQWHQW7KLVLVUHDVRQDEOHVLQFHWKHZDWHUFRQWHQWRIVSHFLPHQ8&ZKHQZHWWLQJ
VWDUWHG ZDV WKH ORZHVW DPRQJ WKH WKUHH VSHFLPHQV FRQVLGHUHG LH  7KLV
SKHQRPHQRQVLJQLILHV WKH IDFW WKDW WKHHTXLOLEULXPYRLG UDWLRDIWHU VZHOOLQJGHSHQGVRQ
WKH LQLWLDO ZDWHU FRQWHQW EHIRUH VZHOOLQJ WDNHV SODFH +ROW] DQG *LEEV  ,W ZDV
UHSRUWHG WKDW WKH PDJQLWXGH RI VZHOOLQJ SRWHQWLDO LH VZHOOLQJ XQGHU D VHDWLQJ ORDG
GHSHQGVRQWKHLQLWLDOZDWHUFRQWHQWRIVSHFLPHQWHVWHGZLWKLQVLJQLILFDQWLQIOXHQFHRIWKH
LQLWLDOVSHFLPHQYRLGUDWLRRUGU\GHQVLW\:LWKWKHGDWDSUHVHQWHGLQWKLVVXEFKDSWHUWKH
GHSHQGHQF\RIHTXLOLEULXPYRLGUDWLRXSRQZHWWLQJLVDOVRVKRZQWREHYDOLGIRUWKHFDVH
RIVZHOOLQJGXHWRDILQLWHGHFUHDVHLQVXFWLRQ

&KDSWHU8QFRQILQHGDQGFRQVWDQWORDGF\FOLFZHWWLQJDQGGU\LQJEHKDYLRXU

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8&ZHWWLQJSDWK
8&ZHWWLQJSDWK
8&ZHWWLQJSDWK
8&ZHWWLQJSDWK
8&ZHWWLQJSDWK
8&ZHWWLQJSDWK
VDWXUDWLRQOLQH
VKULQNDJHOLPLW

)LJXUH6ZHOOLQJFXUYHVRIVHYHUDOVSHFLPHQVWHVWHG
 $QLVRWURS\
 )LJXUHDVKRZVWKHUDGLDOVWUDLQYHUVXVVXFWLRQFXUYHIRUVSHFLPHQV8&
DQG8&DQG8&ZKLOH)LJXUHEVKRZVWKHFRUUHVSRQGLQJSORWRIWKHYHUWLFDO
VWUDLQYHUVXVVXFWLRQ6SHFLPHQ8&VKRZVWKHODUJHVWDQLVRWURS\ZLWKUHVSHFWWRUDGLDO
DQGYHUWLFDOVWUDLQ7KHDQLVRWURS\ZLWKUHVSHFWWRWKHUDGLDODQGYHUWLFDOVWUDLQIROORZLQJ
XQFRQILQHG ZHWWLQJ LV SRVVLEO\ GXH WR LQKHUHQW VWUXFWXUDO DQLVRWURS\ RI WKH VSHFLPHQV
FDXVHG E\ VWDWLF FRPSDFWLRQ GXULQJ SUHSDUDWLRQ+RZHYHU WKH VWUHVV GLVVLSDWLRQ GXULQJ
HTXLOLEUDWLRQ RI WKH VSHFLPHQ WR UHDFK WKH  N3D LQLWLDO VXFWLRQ PLJKW KDYH
VLJQLILFDQWO\UHGXFHGWKHGHJUHHRIVWUXFWXUDODQLVRWURS\RIWKHVSHFLPHQV([FHSWLQWKH
FDVHRIVSHFLPHQ8&WKHUDWLRRIUDGLDOWRYHUWLFDOVWUDLQRIWKHVSHFLPHQVLVDERXW
LQWKHORZVXFWLRQUDQJH7KHDQLVRWURS\WHQGVWRGHFUHDVHZLWKLQFUHDVLQJVXFWLRQ

&KDSWHU8QFRQILQHGDQGFRQVWDQWORDGF\FOLFZHWWLQJDQGGU\LQJEHKDYLRXU

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8&GU\LQJZHWWLQJIURPDVSUHSDUHGFRQGLWLRQV
8&ZHWWLQJIURPRYHQGULHGFRQGLWLRQV
8&GU\LQJDIWHUZHWWLQJXQGHU&9FRQGLWLRQV
8&DQG8&ZHWWLQJIURPDVSUHSDUHGFRQGLWLRQV
]HURUDGLDOVWUDLQOLQH
UDGLDOH[SDQVLRQGXHWR
UHOHDVHRIVZHOOLQJ
DIWHUZHWWLQJXQGHUFRQVWDQW
YROXPHFRQGLWLRQV

D
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8&GU\LQJZHWWLQJIURPDVSUHSDUHGFRQGLWLRQV
8&ZHWWLQJIURPRYHQGULHGFRQGLWLRQV
8&GU\LQJDIWHUZHWWLQJXQGHU&9FRQGLWLRQV
8&DQG8&ZHWWLQJIURPDVSUHSDUHGFRQGLWLRQV
]HURD[LDOVWUDLQOLQH
D[LDOH[SDQVLRQ
GXHWRUHOHDVHRI
VZHOOLQJSUHVVXUH
DIWHUZHWWLQJXQGHUFRQVWDQW
YROXPHFRQGLWLRQV

E
)LJXUHD5DGLDOVWUDLQDQGED[LDOVWUDLQYHUVXVVXFWLRQIRUVHYHUDOVSHFLPHQV
WHVWHG

&KDSWHU8QFRQILQHGDQGFRQVWDQWORDGF\FOLFZHWWLQJDQGGU\LQJEHKDYLRXU

 &RPSDULVRQRI:HWWLQJ&XUYHZLWKWKH&XUYHRI:DWHU&RQWHQWYHUVXV
6XFWLRQ
 )LJXUHVKRZDFRPSDULVRQEHWZHHQWKHZDWHUFRQWHQWYHUVXVVXFWLRQFXUYHRU
ZHWWLQJ FXUYH RI WKH DVSUHSDUHG VSHFLPHQ DQG WKH ZDWHU FRQWHQW YHUVXV VXFWLRQ
FKDUDFWHULVWLFFXUYHRUWKHVXFWLRQFKDUDFWHULVWLFFXUYHIRUWKHDVFRPSDFWHGVSHFLPHQV
RI  EHQWRQLWHVDQG PL[WXUH PHDVXUHG XVLQJ WKH FKLOOHGPLUURU K\JURPHWHU VHH
&KDSWHU  7KH SORW LQGLFDWHV WKDW DW DQ\ VXFWLRQ WKH VXFWLRQ FKDUDFWHULVWLF FXUYH OLHV
DERYH WKH ZHWWLQJ FXUYH 6LQFH WKH HIIHFW RI GU\ GHQVLW\ DQG IDEULF RQ WKH VXFWLRQ
FKDUDFWHULVWLF FXUYH LV LQVLJQLILFDQW LW LV H[SHFWHG WKDW VXFWLRQ RI WKH DVFRPSDFWHG
VSHFLPHQ GHOLYHUHG E\*56 LH ZLWK DQ DYHUDJHZDWHU FRQWHQW RI ZDV LQLWLDOO\
ORFDWHG RQ WKH VXFWLRQ FKDUDFWHULVWLF FXUYH 7KH VXFWLRQ HTXLOLEUDWLRQ ZLWK WKH ZDWHU
YDSRXUDERYH.&/DTXHRXVVROXWLRQSULRUWRH[SHULPHQWLQFUHDVHGWKHWRWDOVXFWLRQZKLOH
DWWKHVDPHWLPHDQLQWHUQDOUHGLVWULEXWLRQRIZDWHULQWKHVSHFLPHQWRRNSODFH


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8&DQG8&ZHWWLQJIURPDVSUHSDUHGFRQGV
ORRVHVSHFLPHQV
FRPSDFWHGVSHFLPHQV
EHVWILWFXUYH
DVSUHSDUHG
FRQGLWLRQV
SRVVLEOHPDLQ
ZHWWLQJFXUYH
DSSDUHQWPDLQ
GU\LQJFXUYH

)LJXUH:HWWLQJFXUYHYHUVXVZDWHUFRQWHQWVXFWLRQFKDUDFWHULVWLFFXUYH
 7KHGLIIHUHQFHEHWZHHQWKHZHWWLQJDQGVXFWLRQFKDUDFWHULVWLFFXUYHPLJKWEHGXHD
GLIIHUHQFHLQWKHVWUXFWXUHDQGIDEULFRIWKHVSHFLPHQV&RQVLGHUWZRVSHFLPHQVZLWKWKH
VDPHILQDOZDWHUFRQWHQWRQHLVEURXJKWWRWKDWZDWHUFRQWHQWE\SURJUHVVLYHO\ZHWWLQJLW
E\PHDQVRIVXFWLRQUHGXFWLRQDQGWKHRWKHULVGLUHFWO\SUHSDUHGDWWKDWZDWHUFRQWHQWDQG
LVVXEVHTXHQWO\VWDWLFDOO\FRPSDFWHG7KHWZRVSHFLPHQVZLOOKDYHGLIIHUHQWVXFWLRQVDQG
YRLG UDWLRV RU GU\ GHQVLWLHV+RZHYHU WKH GLIIHUHQFHV LH WKH VXFWLRQ DQG YRLG UDWLR
GLIIHUHQFHVLQWKLVFDVHDUHQRWUHODWHGRQHWRWKHRWKHU%DVHGRQWKLVLWLVWKRXJKWWKDW

&KDSWHU8QFRQILQHGDQGFRQVWDQWORDGF\FOLFZHWWLQJDQGGU\LQJEHKDYLRXU

WKHGLIIHUHQFHLVVROHO\GXHWRDIDEULFGLIIHUHQFHEHWZHHQWKHWZRVSHFLPHQV7KHIDEULF
RI WKH ILUVW VSHFLPHQ DW DVFRPSDFWHG VWDWH ZDV SUHVHUYHG DIWHU ZHWWLQJ ZKHUHDV WKH
VHFRQGVSHFLPHQKDVDGLIIHUHQWIDEULFDVWKH\ERWKKDYHEHHQSUHSDUHGDWGLIIHUHQWZDWHU
FRQWHQWV
 8QFRQILQHG:HWWLQJDQG'U\LQJ&KDUDFWHULVWLFV%DVHGRQWKH([SHULPHQWDO
5HVXOWV
 )LJXUH  SUHVHQWV DQ LOOXVWUDWLRQ RI SRVVLEOH XQFRQILQHG ZHWWLQJ DQG GU\LQJ
FKDUDFWHULVWLFV SRVWXODWHG EDVHG RQ WKH H[SHULPHQWDO GDWD SUHVHQWHG KHUHLQ 7KH PDLQ
GU\LQJDQGZHWWLQJFXUYHVLHWKHZDWHUFRQWHQWDQGGHJUHHRIVDWXUDWLRQYHUVXVVXFWLRQ
FXUYHV REWDLQHG XVLQJ WKH H[SHULPHQWDO DUH FDOOHG DV WKH DSSDUHQW PDLQ GU\LQJ DQG
SRVVLEOHPDLQZHWWLQJFXUYHVUHVSHFWLYHO\7KHUHDVRQLVWKDWWKHµWUXH¶GU\LQJFXUYHRIDQ
H[SDQVLYHVRLOVKRXOGEHREWDLQHGIURPDGU\LQJWHVWRQDVOXUULHGVSHFLPHQ+\VWHUHVLVLV
VHHQLQWKHZDWHUFRQWHQWYHUVXVVXFWLRQFXUYH7KHYRLGUDWLRYHUVXVVXFWLRQFXUYHVKRZV
LQVLJQLILFDQWK\VWHUHVLVLQUHVSRQVHWRVXFWLRQLQFUHDVHDQGGHFUHDVH+RZHYHUWKHGHJUHH
RIVDWXUDWLRQYHUVXVVXFWLRQFKDUDFWHULVWLFLQGLFDWHVWKHPRVWREYLRXVK\VWHUHWLFEHKDYLRXU
7KHDVSUHSDUHGVXFWLRQDSSHDUVWREHDWKUHVKROGVXFWLRQEH\RQGZKLFKDUDSLGFKDQJHLQ
WKHGHJUHHRIVDWXUDWLRQRFFXUVZLWKLQFUHDVLQJVXFWLRQ

)LJXUH3RVVLEOHXQFRQILQHGZHWWLQJDQGGU\LQJFKDUDFWHULVWLFVRIWKHDVSUHSDUHG
VSHFLPHQ

&KDSWHU8QFRQILQHGDQGFRQVWDQWORDGF\FOLFZHWWLQJDQGGU\LQJEHKDYLRXU

 2QH'LPHQVLRQDO&\FOLF:HWWLQJ'U\LQJ%HKDYLRXUXQGHU&RQVWDQW/RDG
&RQGLWLRQV
 )LJXUHDQG)LJXUHVKRZHYROXWLRQRIYRLGUDWLRZLWKVXFWLRQGHFUHDVHDQG
LQFUHDVHGXULQJRQHGLPHQVLRQDOF\FOLFZHWWLQJGU\LQJ WHVWRQ WKHDVSUHSDUHGVSHFLPHQ
XQGHUN3DDQGN3DQHWYHUWLFDOVWUHVV LH VSHFLPHQV&\FOLFDQG&\FOLF
UHVSHFWLYHO\7KHYRLGUDWLRFKDQJHVZHUHFRPSXWHGIURPWKHYHUWLFDOGHIRUPDWLRQRIWKH
VSHFLPHQ DV PHDVXUHG E\ WKH GLDO JDXJH DVVXPLQJ WKDW WKH .RFRQGLWLRQV KROG 7KH
GHIRUPDWLRQRIWKHRHGRPHWHUV\VWHPXVHGLHWKH83&SQHXPDWLFRHGRPHWHUFHOOZDV
FRQVLGHUHGLQWKHGDWDDQDO\VLV
 7KH LQLWLDO GHIRUPDWLRQ RI ERWK VSHFLPHQV ZDV LQGXFHG E\ WKH LQFUHDVH LQ QHW
YHUWLFDO VWUHVV SULRU WR ZHWWLQJGU\LQJ F\FOHV ,W LV REVHUYHG IURP WKH ILJXUHV WKDW WKH
VXEVHTXHQWGU\LQJDIWHUWKHILUVWZHWWLQJRQVSHFLPHQ&\FOLFLQGXFHGDODUJHUGHFUHDVH
LQYRLGUDWLRFRPSDUHGWRWKDWREVHUYHGRQVSHFLPHQ&\FOLF7KHIDFWVLJQLILHVPLFUR
DQGPDFURVWUXFWXUDOOHYHORIGHIRUPDWLRQDVGHVFULEHGE\$ORQVRHWDOWKDWPRUH
VKULQNDJHRIVRLOVSHFLPHQRQGU\LQJLVREVHUYHGDWKLJKVWUHVVOHYHO

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XQORDGLQJ
LQLWLDOYRLGUDWLR

)LJXUH9RLGUDWLRYHUVXVWRWDOVXFWLRQRIVSHFLPHQ&\FOLFWKHRQHGLPHQVLRQDO
F\FOLFZHWWLQJGU\LQJWHVWXQGHUN3DQHWYHUWLFDOVWUHVV



&KDSWHU8QFRQILQHGDQGFRQVWDQWORDGF\FOLFZHWWLQJDQGGU\LQJEHKDYLRXU

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
)LJXUH9RLGUDWLRYHUVXVWRWDOVXFWLRQRIVSHFLPHQ&\FOLFWKHRQHGLPHQVLRQDO
F\FOLFZHWWLQJGU\LQJWHVWXQGHUN3DQHWYHUWLFDOVWUHVV
 7KH UHVXOWV RI RQHGLPHQVLRQDO ZHWWLQJGU\LQJ WHVWV XQGHU FRQVWDQW QHW YHUWLFDO
VWUHVV SUHVHQWHG LQ )LJXUH  DQG )LJXUH  FDQ DOVR EH SORWWHG DV D UHODWLRQVKLS
EHWZHHQFKDQJHV LQYROXPHWULFVWUDLQYHUVXVVXFWLRQF\FOH)LJXUHDQG)LJXUH
VKRZ VXFK D SORW IRU VSHFLPHQ &\FOLF DQG &\FOLF UHVSHFWLYHO\ ,Q WKH SORW WKH
QHJDWLYHYROXPHWULFVWUDLQLQGLFDWHVYROXPHUHGXFWLRQ$IWHUWKHILUVWF\FOHRIZHWWLQJDQG
GU\LQJVSHFLPHQ&\FOLFH[KLELWHGDSRVLWLYHYROXPHWULFVWUDLQFKDQJHLQGLFDWLQJDQHW
VZHOOLQJRI WKHVSHFLPHQ ,QVSHFLPHQ&\FOLFDQHWVKULQNDJHZDVREVHUYHGDIWHU WKH
ILUVWZHWWLQJGU\LQJF\FOH+RZHYHUERWKVSHFLPHQVVKRZHGD]HURQHWYROXPHWULFVWUDLQ
FKDQJH DW WKH HQGRIZHWWLQJGU\LQJ F\FOHV7KH UHVSRQVHRI ERWK VSHFLPHQV WR VXFWLRQ
LQFUHDVHDQGGHFUHDVHDIWHUWKHIRXUWKF\FOHRIZHWWLQJGU\LQJLVHODVWLFDQGUHYHUVLEOH
 7KLVREVHUYDWLRQLVLQDJUHHPHQWZLWKWKHH[SHULPHQWDOUHVXOWVRIKHDYLO\FRPSDFWHG
EHQWRQLWHVDQGVSHFLPHQVSUHVHQWHGE\$ORQVRHWDO,QLWLDOO\DVLJQLILFDQW
SDUW RI WKH VZHOOLQJ LV LUUHFRYHUDEOH LQGLFDWLQJ WKH VLJQLILFDQW SRUWLRQ RI WKH PDFUR
VWUXFWXUDOSODVWLFYROXPHWULFVWUDLQ*HQVDQG$ORQVR7KHPDFURVWUXFWXUDOSODVWLF
VWUDLQGHFUHDVHVZLWKLQFUHDVLQJQHWYHUWLFDOVWUHVVLQGLFDWLQJWKHOHVVSURQRXQFHGHIIHFWV
RI PLFURVWUXFWXUDO HODVWLF GHIRUPDWLRQ RQ WKH PDFURVWUXFWXUDO SODVWLF GHIRUPDWLRQ
$ORQVR HW DO %DVHG RQ WKH H[SHULPHQWDO GDWD SUHVHQWHG LQ WKLV VXEFKDSWHU WKH
HIIHFW RI QHW YHUWLFDO VWUHVV RQ WKH DFFXPXODWHG WRWDO YROXPHWULF VWUDLQ LV IRXQG WR EH
XQREYLRXV7KHUHVXOWVRIERWKWHVWVLH&\FOLFDQG&\OLFVKRZHGDQDOPRVWVLPLODU
ILQDODFFXPXODWHGYROXPHWULFVWUDLQLHDERXW7KHHIIHFWVRIQHWYHUWLFDOVWUHVVDUH
RQO\SURQRXQFHGLQWKHUDWLRRISODVWLFWRHODVWLFYROXPHWULFVWUDLQVHH&KDSWHU

&KDSWHU8QFRQILQHGDQGFRQVWDQWORDGF\FOLFZHWWLQJDQGGU\LQJEHKDYLRXU

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ZHWWLQJ
GLIIHUHQFH
]HURSODVWLFYROXPHWULFVWUDLQ

)LJXUH&KDQJHLQYROXPHWULFVWUDLQIRUVSHFLPHQ&\FOLFWKHF\FOLFZHWWLQJGU\LQJ
WHVWXQGHUN3DQHWYHUWLFDOVWUHVV












     
&\FOH
&
KD
QJ
H
LQ
Y
RO
XP
HW
UL
F
VW
UD
LQ
 '
H Y


GU\LQJ
ZHWWLQJ
GLIIHUHQFH

)LJXUH&KDQJHLQYROXPHWULFVWUDLQIRUVSHFLPHQ&\FOLFWKHF\FOLFZHWWLQJGU\LQJ
WHVWXQGHUN3DQHWYHUWLFDOVWUHVV

&KDSWHU8QFRQILQHGDQGFRQVWDQWORDGF\FOLFZHWWLQJDQGGU\LQJEHKDYLRXU

 6XPPDU\RI8QFRQILQHGDQG&RQVWDQW/RDG&\FOLF:HWWLQJDQG'U\LQJ
%HKDYLRXU
 7KH IROORZLQJ FRQFOXVLRQV FDQ EH GUDZQ EDVHG RQ WKH UHVXOWV RI XQFRQILQHG DQG
F\FOLFFRQVWDQWORDGZHWWLQJDQGGU\LQJWHVWV
 1R JHQHUDO PDLQ GU\LQJ FXUYHV LH WKH ZDWHU FRQWHQW YRLG UDWLR DQG GHJUHH RI
VDWXUDWLRQYHUVXVVXFWLRQFXUYHVFDQEHGHILQHG IURPWKHH[SHULPHQWDO UHVXOWV7KH
FXUYHVWKDWFDQEHFRQVLGHUHGWREHWKHPDLQZHWWLQJDQGDSSDUHQWPDLQGU\LQJFXUYHV
LQWKHFDVHRIZDWHUFRQWHQWDQGGHJUHHRIVDWXUDWLRQYHUVXVVXFWLRQFXUYHVFDQQRWEH
WDNHQWRUHSUHVHQWWKHPDLQZHWWLQJDQGPDLQGU\LQJFXUYHVIRUWKHYRLGUDWLRYHUVXV
VXFWLRQUHODWLRQVKLS
 7KHDVSUHSDUHGVXFWLRQLVDOLPLWLQJVXFWLRQEHORZZKLFKIXUWKHUUHGXFWLRQLQVXFWLRQ
GRHV QRW LQGXFH DQ\ VLJQLILFDQW LQFUHDVH LQ WKH VSHFLPHQ GHJUHH RI VDWXUDWLRQ7KH
OLPLWLQJ GHJUHH RI VDWXUDWLRQ LV D IXQFWLRQ RI WKH KLJKHVW VXFWLRQ WKDW LV HYHU
H[SHULHQFHGE\WKHVSHFLPHQEHIRUHZHWWLQJVWDUWV
 7KH DVSUHSDUHG PDWHULDO VKRZV LQVLJQLILFDQW K\VWHUHVLV LQ WKH YRLG UDWLR YHUVXV
VXFWLRQUHODWLRQVKLSV7KHVLJQLILFDQWK\VWHUHWLFEHKDYLRXULVVHHQLQWKHZDWHUFRQWHQW
GHJUHHRIVDWXUDWLRQYHUVXVVXFWLRQUHODWLRQVKLSV
 7KH LQKRPRJHQHLW\RIZDWHUFRQWHQWGLVWULEXWLRQ LQ WKHDVSUHSDUHGVSHFLPHQDIWHU
ZHWWLQJXQGHUDORZYHUWLFDOSUHVVXUHLQGXFHVFUDFNVZKHQWKHVSHFLPHQLVVXEMHFWHG
WRDGU\LQJSURFHVVHYHQDWDUHODWLYHO\ORZVXFWLRQ7KHVXFWLRQDWZKLFKFUDFNVVWDUW
WR GHYHORS DSSHDUV WR EH D IXQFWLRQ RI VWUHVV OHYHO XQGHU ZKLFK WKH DVSUHSDUHG
VSHFLPHQLVVDWXUDWHGSULRUWRGU\LQJ
 'XULQJF\FOLFZHWWLQJDQGGU\LQJXQGHUFRQVWDQWORDGFRQGLWLRQVWKHVSHFLPHQZLWKD
KLJKHUVWUHVV OHYHOH[KLELWHGDKLJKHUVKULQNDJHRQGU\LQJ$IWHU WKHIRXUWKF\FOHRI
ZHWWLQJDQGGU\LQJWKHUHVSRQVHRIWKHKHDYLO\FRPSDFWHGEHQWRQLWHVDQGVSHFLPHQ
ZDVHODVWLFZLWKUHVSHFWWRVXFWLRQGHFUHDVHDQGLQFUHDVH



&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU

&+$37(5 
6:(//,1*35(6685(&2167$1792/80(:(77,1*$1'
21(',0(16,21$/&2035(66,21$1'5(%281'
%(+$9,285
 *HQHUDO
 7KLV FKDSWHU GLVFXVVHV UHVXOWV RI WKH VZHOOLQJ SUHVVXUH PHDVXUHPHQW DQG RQH
GLPHQVLRQDO FRQVWDQW VXFWLRQ FRPSUHVVLRQ DQG UHERXQG WHVW ,Q WKH OLJKW RI
WKHUPRG\QDPLFFRQFHSWVRIZDWHUSRWHQWLDODQGVXFWLRQ VXFWLRQDWHTXLOLEULXPLH WKH
FRPELQDWLRQ RI LWVPDWULF DQG RVPRWLF FRPSRQHQWVPD\ QRW EH WKH VDPH IRU GLIIHUHQW
W\SHV RI WHVW+RZHYHU LW LVPHUHO\ WKH HTXLOLEULXP VXFWLRQZKLFK LV FRQVLGHUHG LQ WKH
GLVFXVVLRQEXWQRW WKH DFWXDO VXFWLRQZKLFK H[LVWV LQ WKH VSHFLPHQ)RU H[DPSOH DW WKH
HQGRIFRQVWDQWYROXPHVZHOOLQJSUHVVXUHWHVWZLWKGLVWLOOHGGHDLUHGZDWHUWKHVZHOOLQJ
SUHVVXUHGHYHORSHGEDODQFHV WKHZDWHUGHILFLHQF\RUZDWHUSRWHQWLDOZKLFKH[LVWV LQ WKH
VRLOVSHFLPHQVXFKWKDW WKH WRWDOZDWHUSRWHQWLDO LH WKHHTXLOLEULXPVXFWLRQZLOOKDYH
WKHVDPHYDOXHDVWKDWRIWKHGLVWLOOHGGHDLUHGZDWHU7KLVHTXLOLEULXPFRQGLWLRQVLQGXFH
QR IXUWKHU ZDWHU DEVRUSWLRQ E\ WKH VSHFLPHQ 7KXV LW LV VDLG LQ WKLV FDVH WKDW WKH
HTXLOLEULXPVXFWLRQDWWKHHQGRIWKHWHVWLV=(527KHVZHOOLQJSUHVVXUHZKLFKGHYHORSV
GXULQJ WKH VZHOOLQJ SUHVVXUH WHVW RU WKH QHW YHUWLFDO VWUHVV ZKLFK DFWV LQ WKH RQH
GLPHQVLRQDOFRPSUHVVLRQUHERXQGWHVWUHSUHVHQWVWKHQHWUHSXOVLYHIRUFHRIWKHVSHFLPHQ
DVDUHVXOWRISK\VLFRFKHPLFDOLQWHUDFWLRQVEHWZHHQWKHVSHFLPHQDQGZDWHU%ROW
 6ZHOOLQJ3UHVVXUHDQG&RQVWDQW9ROXPH:HWWLQJ%HKDYLRXU
 7KH VZHOOLQJ SUHVVXUH WHVW UHVXOWV SUHVHQWHG KHUHLQ ZHUH DQDO\VHG E\ WDNLQJ LQWR
DFFRXQWGHIRUPDELOLW\RIWKHVZHOOLQJSUHVVXUHPHDVXUHPHQWV\VWHPVXVHGLHWKH83&
FRQVWDQWYROXPHDQGRHGRPHWHUFHOOVDQGWKH:HLPDUKLJKSUHVVXUHRHGRPHWHUV\VWHP
2WKHU IDFWRUV WKDW PLJKW LQIOXHQFH WKH UHVXOWV VXFK DV VSHFLPHQULQJ IULFWLRQ ZHUH QRW
WDNHQLQWRDFFRXQWVLQFHWKHOXEULFDWLRQLVDVVXPHGWREHVXIILFLHQWLQPLQLPLVLQJWKHULQJ
IULFWLRQHIIHFWV
 &RPSDWLELOLW\RIWKH83&&RQVWDQW9ROXPH&HOODQGWKH:HLPDU+LJK
3UHVVXUH2HGRPHWHU6\VWHP
 )LJXUH  VKRZV D FRPSDULVRQ EHWZHHQ VZHOOLQJ SUHVVXUH PHDVXUHG XVLQJ WKH
83& FRQVWDQW YROXPH FHOO LH VSHFLPHQ 63+&% DQG WKDW PHDVXUHG XVLQJ WKH

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU

:HLPDUKLJKSUHVVXUHRHGRPHWHUV\VWHPLHVSHFLPHQ&57KHWZRVSHFLPHQVZHUH
FKRVHQWRPDNHWKHFRPSDULVRQDVERWKKDGDOPRVWWKHVDPHILQDOYRLGUDWLRRUILQDOGU\
GHQVLW\7KHILQDOYRLGUDWLRLVFRQVLGHUHGLQVWHDGRIWKHLQLWLDORQHDVWKHGHIRUPDELOLW\
FKDUDFWHULVWLFVRIERWKV\VWHPDUHGLIIHUHQWVHH&KDSWHU,QVSLWHRIDVOLJKWGLIIHUHQFH
LQ WKH ILQDO VZHOOLQJ SUHVVXUHV PHDVXUHG XVLQJ WKH WZR GLIIHUHQW VZHOOLQJ SUHVVXUH
PHDVXUHPHQWV\VWHPVWKHGHYHORSPHQWRIVZHOOLQJSUHVVXUHVLHWKHVZHOOLQJSUHVVXUH
YHUVXV HODSVHG WLPH FXUYHV RI ERWK VSHFLPHQV DUH IDLUO\ VLPLODU ,W LQGLFDWHV WKDW ERWK
FHOOVDUHFRPSDUDEOH









    
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63+&%83&&9FHOO
&5:HLPDURHGRPHWHUFHOO
ILQDOYRLGUDWLRHI
 
ILQDOYRLGUDWLR
HI 

)LJXUH5HVXOWVRIWHVWVRQVSHFLPHQV63+&%DQG&5LQGLFDWLQJWKH
FRPSDWLELOLW\RI83&FRQVWDQWYROXPHFHOODQG:HLPDUKLJKSUHVVXUHRHGRPHWHUFHOO
 6ZHOOLQJ3UHVVXUHVIURPWKH'LIIHUHQW0HWKRGVRI7HVW
 )LJXUH  VKRZ D FRPSDULVRQ EHWZHHQ WKUHH GLIIHUHQW PHWKRGV LH WKH VZHOO
ORDG VZHOOXQGHUORDG DQG FRQVWDQW YROXPH WHVWV FDUULHG RXW IRU PHDVXULQJ VZHOOLQJ
SUHVVXUH RI WKH KHDYLO\ FRPSDFWHG  EHQWRQLWHVDQGPL[WXUH7KH UHVXOWV RI WHVW RQ
VSHFLPHQ 6/ LH WKH VZHOOORDG WHVW DUH H[WUDSRODWHG WR GHILQH WKH YRLG UDWLR
FRUUHVSRQGLQJWRWKHLQLWLDOYRLGUDWLRRIWKHVSHFLPHQ7KHVZHOOLQJSUHVVXUHGHWHUPLQHG
E\ WKH FRQVWDQW YROXPH WHVW ZDV WDNHQ DV DQ DYHUDJH YDOXH RI ILYH VZHOOLQJ SUHVVXUHV
DPRQJWKHPIRXUZHUHPHDVXUHGLQWKH83&FRQVWDQWYROXPHVZHOOLQJSUHVVXUHFHOOLH
VSHFLPHQV 63+&%   DQG  ZKHUHDV WKH RWKHU VZHOOLQJ SUHVVXUH GDWD ZDV
REWDLQHG IURP WHVW RQ VSHFLPHQ &5 LH WKH VZHOOLQJSUHVVXUHFRPSUHVVLRQUHERXQG
WHVWXVLQJWKH:HLPDUKLJKSUHVVXUHRHGRPHWHUFHOO

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU








    
1HWYHUWLFDOVWUHVVVYXDN3D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63+&%DQG&5
&5
3V3V 3V
DYHUDJHLQLWLDOYRLG
UDWLRRIVSHFLPHQV
XVHGLQ68/WHVWV
LQLWLDOYRLGUDWLR
RIVSHFLPHQXVHG
LQ6/WHVW

)LJXUH6ZHOOLQJSUHVVXUHRIWKHKHDYLO\FRPSDFWHGEHQWRQLWHVDQGPL[WXUH
PHDVXUHGXVLQJWKUHHGLIIHUHQWW\SHVRIWHVW
 7KH VZHOOLQJ SUHVVXUHV REWDLQHG XVLQJ WKH WKUHH GLIIHUHQW PHWKRGV XVHG DUH
VXPPDULVHG LQ 7DEOH  7KH GLIIHUHQW YDOXHV RI VZHOOLQJ SUHVVXUH PHDVXUHG E\
GLIIHUHQWPHWKRGVLQGLFDWHWKHVWUHVVDQGVXFWLRQSDWKGHSHQGHQF\RIVZHOOLQJSUHVVXUH
7KHVZHOOLQJSUHVVXUHYDOXHPHDVXUHGE\WKHFRQVWDQWYROXPHPHWKRGPD\EHGHHPHGWR
EHWKHPRVWDFFXUDWHYDOXHDVLWLQYROYHVOHVVVWUHVVDQGVXFWLRQSDWKVDVFRPSDUHGWRWKH
RWKHU WZRPHWKRGV 6ULGKDUDQHW DO 7KH VZHOOXQGHUORDGPHWKRGPD\JLYH WKH
OHDVWDFFXUDF\GXHWRSRVVLEOHYDULDELOLW\RIWKHVSHFLPHQVXVHG
7DEOH6XPPDU\RIWKHUHVXOWVRIWKUHHVZHOOLQJSUHVVXUHWHVWPHWKRGV
7HVW 6SHFLPHQVXVHG 6ZHOOLQJSUHVVXUH
N3D
5HPDUNV
6ZHOOORDG 6/ 3V  0D[LPXP
6ZHOOXQGHUORDG 68/WR 3V  0LQLPXP
&RQVWDQWYROXPH 63+&%
DQG&5
3V  0LGGOHYDOXH

 6ZHOOLQJ3UHVVXUHRIWKH&RPSDFWHG%HQWRQLWH6DQG0L[WXUHV
 )LJXUH  VKRZV WKH UHODWLRQVKLS EHWZHHQ VZHOOLQJ SUHVVXUH YHUVXVPL[WXUH GU\
GHQVLW\RI WKHFRPSDFWHGVSHFLPHQVRI IRXUEHQWRQLWHVDQGPL[WXUHVXVHG LQ WKLV VWXG\

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU

7KHGU\GHQVLW\RIFRPSDFWHGPL[WXUHVFRQVLGHUHGKHUHLQLVWKHFRUUHFWHGGU\GHQVLW\E\
DFFRXQWLQJIRUWKHGHIRUPDWLRQRI83&%DUFHORQDFRQVWDQWYROXPHFHOOVDVSUHVHQWHGLQ
&KDSWHU  $V VSHFLILHG EHIRUH WKH OLJKWO\ FRPSDFWHG VSHFLPHQV ZLWK  EHQWRQLWH
FRQWHQWDUHGHQRWHGLQWKHILJXUHDV63/&%WRDQGVLPLODUO\RWKHUVSHFLPHQVZLWK
GLIIHUHQWEHQWRQLWHFRQWHQWVDUHDOVRGHQRWHGWKLVZD\$VH[SHFWHGVZHOOLQJSUHVVXUHRI
HDFKFRPSDFWHGEHQWRQLWHVDQGPL[WXUHLVDIXQFWLRQRIPL[WXUHGU\GHQVLW\7KHVZHOOLQJ
SUHVVXUH RI D VSHFLPHQ ZLWK KLJKHU EHQWRQLWH FRQWHQW LV KLJKHU FRPSDUHG WR DQRWKHU
VSHFLPHQ ZLWK ORZHU EHQWRQLWH FRQWHQW DW WKH VDPH PL[WXUH GU\ GHQVLW\ %\ XWLOLVLQJ
(TXDWLRQWKHEHQWRQLWHGU\GHQVLW\UGERIHDFKVSHFLPHQFDQEHFRPSXWHGDQGWKH
UHODWLRQVKLSEHWZHHQVZHOOLQJSUHVVXUHDQGEHQWRQLWHGU\GHQVLW\ IRU WKHIRXUEHQWRQLWH
VDQGPL[WXUHV LV VKRZQ LQ)LJXUH7KHGDWDRIVZHOOLQJSUHVVXUHPHDVXUHPHQWVRQ
WKHKHDYLO\FRPSDFWHGVSHFLPHQV63+&%WRDQG63+&%WR
DUH DOVR SORWWHG LQ WKH ILJXUH 6LPLODU WR WKH UHODWLRQVKLS EHWZHHQ WRWDO VXFWLRQ DQG
EHQWRQLWHZDWHUFRQWHQWWKHVZHOOLQJSUHVVXUHYHUVXVEHQWRQLWHGU\GHQVLW\GDWDREWDLQHG
IRUWKHIRXUPL[WXUHVIDOOLQDVLQJOHFXUYHLQGLFDWLQJWKDWVZHOOLQJSUHVVXUHLVFROOHFWLYHO\
DIXQFWLRQRIEHQWRQLWHGU\GHQVLW\




     
0L[WXUHGU\GHQVLW\UG0JP
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
)LJXUH6ZHOOLQJSUHVVXUHYHUVXVPL[WXUHGU\GHQVLW\RIWKHFRPSDFWHGEHQWRQLWH
VDQGPL[WXUHVWHVWHG

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU
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)LJXUH6ZHOOLQJSUHVVXUHYHUVXVEHQWRQLWHGU\GHQVLW\RIWKHFRPSDFWHGEHQWRQLWH
VDQGPL[WXUHVWHVWHG
 7KH IROORZLQJ HTXDWLRQ FDQ EH XVHG WR EHVWILW WKH H[SHULPHQWDO GDWD ZLWK DQ U
YDOXHRIDQGDQ6((RIN3D,QWKHHTXDWLRQVZHOOLQJSUHVVXUH3VLVLQN3DDQG
EHQWRQLWHGU\GHQVLW\UGELVLQ0JP
   H[S V GE3 U  
 7KHWKHRUHWLFDOFXUYHDVFRPSXWHGIURPWKHPRGLILHG''/WKHRU\7ULSDWK\HWDO
IRU0RQWLJHOEHQWRQLWHLHWKHHDUOLHUQDPHRI&DOFLJHOLVDOVRJLYHQLQWKHILJXUH
IRUFRPSDULVRQ7KHWKHRUHWLFDOFXUYHVKRZVDJRRGDJUHHPHQWZLWKWKHH[SHULPHQWDOGDWD
LQGLFDWLQJ WKHFDSDELOLW\RI WKHPHWKRG WRHPSLULFDOO\DFFRXQW IRU VRPH IDFWRUV WKDW DUH
QRWDFFRXQWHGIRULQWKHRULJLQDO''/WKHRU\
 )LJXUHVKRZDVHPLORJDULWKPLFSORWRIQHWYHUWLFDOVWUHVVRUVZHOOLQJSUHVVXUH
RI WKH FRPSDFWHG VSHFLPHQV LH ERWK WKH OLJKWO\ DQG KHDYLO\ FRPSDFWHG VSHFLPHQV
REWDLQHGIURPWKHFRQVWDQWYROXPH&9DQGVZHOOXQGHUORDG68/WHVWVSUHVHQWHGDVD
UHODWLRQVKLSEHWZHHQEHQWRQLWHYRLG UDWLRYHUVXVQHWYHUWLFDO VWUHVVRU VZHOOLQJSUHVVXUH
7KHXVHRI EHQWRQLWH YRLG UDWLR LQVWHDGRIPL[WXUH YRLG UDWLR HQDEOHV WKH WHVW UHVXOWV RI
GLIIHUHQW PL[WXUHV WR EH FRPSDUHG 7KH EHQWRQLWH YRLG UDWLR RI WKH VSHFLPHQV ZDV
FDOFXODWHG IURP WKH FRUUHVSRQGLQJ EHQWRQLWH GU\ GHQVLW\ (TXDWLRQ  7KH UHVXOWV
VKRZWKDWWKH68/WHVWGDWDWHQGWRIODWWHQDWORZQHWYHUWLFDOVWUHVV

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU
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)LJXUH%HQWRQLWHYRLGUDWLRYHUVXVYHUWLFDOVWUHVVRUVZHOOLQJSUHVVXUHREWDLQHGIURP
FRQVWDQWYROXPHVZHOOLQJSUHVVXUHWHVWV
 $FFRUGLQJ WR WKH ILJXUH WKH HTXLOLEULXP YRLG UDWLR REWDLQHG IURP WKH 68/ WHVW
KDUGO\UHDFKHVWKHFRUUHVSRQGLQJYDOXHIRUWKHVZHOOLQJSUHVVXUHFXUYHDWORZQHWYHUWLFDO
VWUHVVHV7KHUHWDUGHGVZHOOLQJLQWKH68/WHVWPLJKWEHGXHWRGLIIHUHQFHLQVWUXFWXUHRI
WKHVSHFLPHQVXVHGLQWKHWHVWFRPSDUHGWRWKDWRIWKHVSHFLPHQVXVHGLQWKH&9WHVWVDW
WKHHTXLOLEULXPYRLGUDWLR7KHGLIIHUHQFH LQ LQLWLDOFRQGLWLRQVLH LQLWLDOZDWHUFRQWHQW
DQG LQLWLDO YRLG UDWLR RI WKH VSHFLPHQV DSSHDUV WR KDYH LQVLJQLILFDQW LPSDFW &RQVLGHU
VSHFLPHQV 63+&% WR  LH PDUNHG LQ WKH ILJXUH ZKLFK KDG µVLPLODU¶ LQLWLDO
FRQGLWLRQV WR VSHFLPHQV 68/ WR  ,I WKH LQLWLDO FRQGLWLRQV SOD\HG D UROH WKH SRLQWV
ZRXOGKDYHEHHQORFDWHGFORVHWRWKH68/WHVWUHVXOWV
 7KHGLIIHUHQFHLQVWUXFWXUHRIWKHVSHFLPHQVXVHGLQWKH&9WHVWVFRPSDUHGWRWKRVH
XVHGLQWKH68/WHVWVDWWKHHTXLOLEULXPYRLGUDWLRLVUHODWHGWRWKHGLIIHUHQFHLQVL]HRIWKH
FOD\FOXVWHUVZKHUHDVWKHVL]HDQGYROXPHRILQWHUDJJUHJDWHSRUHVRIWKHVSHFLPHQVPLJKW
QRW GLIIHU VLJQLILFDQWO\ 1DJDUDM DQG0LXUD  $Q DV SUHSDUHG VSHFLPHQZKLFK LV
ORDGHGDQGVXEVHTXHQWO\DOORZHGWRLPELEHZDWHUXQWLOUHDFKLQJHTXLOLEULXPZRXOGKDYH
FOD\FOXVWHUVZLWKDVPDOOHUVL]HFRPSDUHGWRDVLPLODUVSHFLPHQZKLFKLVILUVWZHWWHGWR
DQ LQWHUPHGLDWHVXFWLRQDQGVXEVHTXHQWO\ WHVWHG LQ WKHFRQVWDQWYROXPHFHOO7KHIDFW LV
WUXH SURYLGHG WKDW WKH QHW YHUWLFDO VWUHVV XQGHU ZKLFK WKH IRUPHU KDV UHDFKHG LWV
HTXLOLEULXPLVRI WKHVDPHPDJQLWXGHDV WKHVZHOOLQJSUHVVXUHRI WKH ODWWHU VSHFLPHQ ,W
DSSHDUVWKDWWKHFKDQJHLQFOXVWHUVL]HGXULQJZHWWLQJGHSHQGVRQWKHDSSOLHGQHWYHUWLFDO

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU

VWUHVVXQGHUZKLFK WKH VSHFLPHQ LVZHWWHG'XULQJ&9 WHVW VZHOOLQJSUHVVXUHGHYHORSV
JUDGXDOO\ WKXV DOORZLQJ H[SDQVLRQ RI WKH FOD\ FOXVWHUV XQWLO WKH VZHOOLQJ SUHVVXUH
GHYHORSPHQWYDQLVKHVZKHUHDVWKHDSSOLHGQHWYHUWLFDOVWUHVVUHWDUGVWKHH[SDQVLRQRIFOD\
FOXVWHUV IURP WKH EHJLQQLQJ RI ZHWWLQJ SURFHVV 6LQFH ERWK VSHFLPHQV KDYH WKH VDPH
HTXLOLEULXPVXFWLRQDWWKHHQGRIWHVWLH]HURHTXLOLEULXPVXFWLRQWKHGLIIHUHQFHLQVL]H
RIWKHFOD\FOXVWHUVUHIOHFWWKHGLIIHUHQFHLQDUUDQJHPHQWRIFOD\SDUWLFOHVLQWKHFOXVWHUV
 5DWHVRI6ZHOOLQJ3UHVVXUH'HYHORSPHQWDQG:DWHU6RUSWLRQ
 )LJXUH D DQG )LJXUH E VKRZV UHVSHFWLYHO\ W\SLFDO FXUYHV RI VZHOOLQJ
SUHVVXUHDQGDEVRUEHGZDWHUYHUVXVHODSVHGWLPHSORWWHGLQVHPLORJDULWKPLFVFDOHV7KH
LQFUHDVHLQERWKWKHVZHOOLQJSUHVVXUHDQGDPRXQWRIDEVRUEHGZDWHUZLWKWLPHZDVUDSLG
DW WKH HDUOLHU VWDJH RI WHVWV LH XS WR  KRXUV 7KH UDWH RI ERWK VZHOOLQJ SUHVVXUH
GHYHORSPHQW DQG DPRXQW RI DEVRUEHG ZDWHU DV\PSWRWLFDOO\ GHFUHDVHV EH\RQG D SRLQW
ZKLFK PDUNV WKH HQG RI SULPDU\ VZHOOLQJ SUHVVXUH GHYHORSPHQW 7KH WHVW UHVXOWV
SHUIRUPHGE\*DWWHUPDQQVKRZHG WKDWVZHOOLQJSUHVVXUHZDVFRQVWDQWZLWK WLPH
DIWHUWKHPD[LPXPYDOXHZDVUHDFKHG$ORQVRHWDOVKRZHGWKDWVZHOOLQJSUHVVXUH
PD\DOVRGHFUHDVHDVDUHVXOWRIFROODSVHRIWKHFOD\PDFURVWUXFWXUH$FFRUGLQJWR)LJXUH
DDIWHUWKHPD[LPXPSULPDU\VZHOOLQJSUHVVXUHLVUHDFKHGVZHOOLQJSUHVVXUHPLJKW
LQFUHDVH VWD\ FRQVWDQW RU GHFUHDVH ZLWK WLPH +RZHYHU WKH UDWH RI VZHOOLQJ SUHVVXUH
GHYHORSPHQW JHQHUDOO\ GHFUHDVHG ZLWK WLPH DIWHU WKH PD[LPXP VZHOOLQJ SUHVVXUH ZDV
DWWDLQHG
 7KHUDWHRIVZHOOLQJRIVHYHUDOH[SDQVLYHVRLOVWHVWHGLQRHGRPHWHUZDVUHSRUWHGE\
6ULGKDUDQ DQG *XUWXJ  ZKHUH WKH SHUFHQW VZHOO YHUVXV WLPH FXUYH ZDV
DSSUR[LPDWHGXVLQJDUHFWDQJXODUK\SHUERODHTXDWLRQ6ULGKDUDQHWDOVKRZHGWKDW
WKH VZHOOLQJ SUHVVXUH YHUVXV WLPH FXUYH IRU VHYHUDO FOD\V FRXOG DOVR EH DSSUR[LPDWHG
XVLQJ WKH UHFWDQJXODUK\SHUEROD HTXDWLRQ ,Q FDVHRI WKH VZHOOLQJSUHVVXUHGHYHORSPHQW
DQG WKH DPRXQW RI DEVRUEHGZDWHU RI WKH FRPSDFWHG VSHFLPHQV XVHG LQ WKLV VWXG\ WKH
UHFWDQJXODU K\SHUEROD HTXDWLRQ LV IRXQG WR EH XQDEOH WR JLYH D VDWLVIDFWRU\ ILW WR WKH
H[SHULPHQWDOGDWDRIHLWKHUWKHVZHOOLQJSUHVVXUHGHYHORSPHQWRUWKHDPRXQWRIDEVRUEHG
ZDWHU ZLWK WLPH 7KH H[SHULPHQWDO GDWD VKRZ WKDW D OLQHDU UHODWLRQVKLS LV REWDLQHG
EHWZHHQWKHQRUPDOLVHGVZHOOLQJSUHVVXUH3V3VPD[DQGWKHVTXDUHURRWRIHODSVHGWLPH
DW HDUOLHU VWDJH RI WKH VZHOOLQJ SUHVVXUH GHYHORSPHQW LH PRVWO\ XS WR  RI WKH
PD[LPXPVZHOOLQJSUHVVXUH7KXV
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ZKHUHF3LVWKHVORSHRI3V3VPD[YHUVXVWDWWKHHDUOLHUVZHOOLQJSUHVVXUHGHYHORSPHQW
ZKLFK UHSUHVHQWV WKH UDWH RI VZHOOLQJ SUHVVXUH GHYHORSPHQW 3V PD[ LV WKH PD[LPXP
VZHOOLQJSUHVVXUHN3DDQGWLVHODSVHGWLPHKRXUV

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU
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)LJXUHD7\SLFDOUHVXOWVRIWKHRQHVWHSFRQVWDQWYROXPHVZHOOLQJSUHVVXUHWHVWD
VZHOOLQJSUHVVXUHDQGEDEVRUEHGZDWHUYHUVXVHODSVHGWLPH
 


&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU

 )LJXUHDGHSLFWVWKHVZHOOLQJSUHVVXUHGHYHORSPHQWSORWWHGDJDLQVWWIRUWZR
FRPSDFWHG VSHFLPHQV LH 63/&% DQG 63/&% 6SHFLPHQ 63/&%
KDG D KLJKHU LQLWLDO EHQWRQLWH ZDWHU FRQWHQW LH  WKXV D KLJKHU WRWDO VXFWLRQ
FRPSDUHGWRVSHFLPHQ63/&%ZKLFKKDGDQLQLWLDOEHQWRQLWHZDWHUFRQWHQWRI
,WLVVKRZQLQWKHILJXUHWKDWWKHVORSHRI3VYHUVXVWFXUYHRIVSHFLPHQ63/&%LV
KLJKHU WKDQ WKDW RI VSHFLPHQ63/&%+RZHYHU WKHQRUPDOLVHG FXUYH VKRZV WKDW
WKH VORSHRI3V YHUVXV W FXUYH LH WKHF3 YDOXHRI VSHFLPHQ63/&% LVKLJKHU
WKDQ WKDW RI VSHFLPHQ 63/&% )LJXUH E ,Q D VLPLODU ZD\ WKH IROORZLQJ
HTXDWLRQ LV XVHG WR ILW WKH H[SHULPHQWDO DEVRUEHGZDWHU YHUVXV WLPH GDWD DW WKH HDUOLHU
VWDJHRIWHVW
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ZKHUHF0LVDFRQVWDQWUHSUHVHQWLQJWKHUDWHRIDEVRUEHGZDWHU'0ZLVWKHDEVRUEHGZDWHU
JDQG'0ZPD[LVWKHPD[LPXPYDOXHRIDEVRUEHGZDWHUJ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&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU
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
)LJXUHD6ZHOOLQJSUHVVXUHYHUVXVVTXDUHURRWRIWLPHDQGEQRUPDOLVHGVZHOOLQJ
SUHVVXUHYHUVXVVTXDUHURRWRIWLPHRIWZRFRPSDFWHGVSHFLPHQV
 

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU

 7KHF3 DQGF0 YDOXHVZHUH WKRXJKW WREH UHODWHG WR WKH LQLWLDO WRWDO VXFWLRQRI WKH
VSHFLPHQ 7KH LQLWLDO WRWDO VXFWLRQ RI HDFK VSHFLPHQZDV DSSUR[LPDWHG XVLQJ(TXDWLRQ
DQGWKHSORWRIF3DQGF0YDOXHVYHUVXVLQLWLDOVXFWLRQRIWKHVSHFLPHQVLVVKRZQLQ
)LJXUHDQG)LJXUHUHVSHFWLYHO\,W LVGHSLFWHGLQ)LJXUHWKDWWKHF3YDOXH
LQFUHDVHVZLWKLQFUHDVLQJVSHFLPHQLQLWLDOWRWDOVXFWLRQIRUVSHFLPHQV63/&%WR
63/&%WRDQG63/&%WRZLWKDQGEHQWRQLWHFRQWHQW
UHSVHFWLYHO\+RZHYHU WKH UHODWLRQVKLSGRHVQRW KROG IRU VSHFLPHQV63/&% WR 
DQG WKH KHDYLO\ FRPSDFWHG VSHFLPHQV LH VSHFLPHQV63+&%    WR  DQG
63+&% WR  7KH UHODWLRQVKLS EHWZHHQ F3 DQG LQLWLDO WRWDO VXFWLRQ VKRZV DQ
RSSRVLWHWUHQG7KHUHDVRQIRUWKLVDSSHDUVWREHWKHPRUHSURQRXQFHGHIIHFWRIEHQWRQLWH
GHQVLW\ IRU WKH VSHFLPHQV ZLWK µYHU\ KLJK¶ DQG µYHU\ ORZ¶ EHQWRQLWH YRLG UDWLR 1R
GLVFHUQLEOHWUHQGVDUHVHHQLQWKHF0YHUVXVLQLWLDOWRWDOVXFWLRQUHODWLRQVKLS)LJXUH
7KLVPLJKWEHGXHWRWKHSUHVHQFHRIDLUEXEEOHVLQWKHSRURXVGLVNRIWKHFRQVWDQWYROXPH
FHOOVXVHGDWWKHHDUOLHUVWDJHRIVZHOOLQJSUHVVXUHWHVWV
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

   
,QLWLDOWRWDOVXFWLRQVWN3D
F 3
Y
DO
XH
63/&%WR
63/&%WR
63/&%WR
63/&%WR
63+&%WR
63+&%WR

)LJXUHF3YDOXHYHUVXVLQLWLDOWRWDOVXFWLRQ

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU
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63/&%WR
63/&%WR
63/&%WR
63+&%WR
63+&%WR

)LJXUHF0YDOXHYHUVXVLQLWLDOWRWDOVXFWLRQ
 6ZHOOLQJ3UHVVXUH'HYHORSPHQWZLWK'HFUHDVLQJ6XFWLRQDQG:HWWLQJ
%HKDYLRXUXQGHU&RQVWDQW9ROXPH&RQGLWLRQV
 )LJXUHVKRZVVZHOOLQJSUHVVXUHGHYHORSPHQWZLWKGHFUHDVLQJVXFWLRQIRUWKH
DVSUHSDUHG FRPSDFWHG VSHFLPHQ RI  EHQWRQLWHVDQG PL[WXUH LH VSHFLPHQV 63
+&% DQG  ,W LV VKRZQ WKDW WKHUH ZDV SUDFWLFDOO\ QR GHYHORSPHQW RI VZHOOLQJ
SUHVVXUHXSRQZHWWLQJ IURP WKHDVSUHSDUHGVXFWLRQ WRDERXWN3DVXFWLRQ$ UDSLG
GHYHORSPHQW RI VZHOOLQJ SUHVVXUH RFFXUUHG DIWHUZDUG 7KH PLJUDWLRQ RI ZDWHU GXULQJ
ZHWWLQJ IURP WKH DVSUHSDUHG VXFWLRQ WR DERXW  N3D VXFWLRQ PDLQO\ RFFXUUHG LQ
YDSRXUIRUPVLQFHWKHYDSRXUHTXLOLEULXPWHFKQLTXH9(7ZDVXVHGIRUDSSO\LQJVXFWLRQ
ZLWKLQWKLVUDQJH,QWKLVPHFKDQLVPZDWHUPROHFXOHVILUVWPLJUDWHLQWRWKHRSHQYRLGVLQ
WKHVRLOVSHFLPHQDQGDUHIXUWKHUDEVRUEHGDVVRRQDVWKH\DUHLQFRQWDFWZLWKWKHH[SRVHG
VXUIDFHV RI FOD\ FOXVWHUV 3XVFK  7KH PHFKDQLVP RI ZDWHU PRYHPHQW IURP WKH
H[SRVHGVXUIDFHVRIFOD\FOXVWHUVWRWKHLQWUDFOXVWHURULQWUDDJJUHJDWHSRUHVLVGULYHQE\
DZDWHUSRWHQWLDO RU VXFWLRQJUDGLHQW WKDWH[LVWVEHWZHHQ WKH LQWHUDJJUHJDWHDQG LQWUD
DJJUHJDWH SRUHZDWHU LH WKH LQWHUQDO ZDWHU UHGLVWULEXWLRQ SURFHVV DQG WKH PL[WXUH
SHUPHDELOLW\DWPLFURDQGPDFURVFDOHV7KHZDWHUDEVRUSWLRQE\WKHFOD\FOXVWHUVDQGWKDW
RFFXUVLQWKHLQWHUDJJUHJDWHSRUHVWDNHSODFHVLPXOWDQHRXVO\VLQFHDVXFWLRQJUDGLHQWDOVR
H[LVWVEHWZHHQ WKH LQWHUDJJUHJDWHSRUHZDWHUDQG WKHH[WHUQDO VRXUFHRIZDWHU LH WKH
FLUFXODWHGZDWHUYDSRXU 

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU
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63+&%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63+&%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EHVWILWFXUYH
DVSUHSDUHG
FRQGLWLRQV
DIWHUVDWXUDWLRQZLWK
GLVWLOOHGGHDLUHGZDWHU

)LJXUH6ZHOOLQJSUHVVXUHGHYHORSPHQWZLWKGHFUHDVLQJVXFWLRQIRUDVFRPSDFWHG
VSHFLPHQV63+&%DQG
 %\FRQVLGHULQJ WKHDERYHPHQWLRQHGZDWHU WUDQVSRUWPHFKDQLVPV WKH LQVLJQLILFDQW
VZHOOLQJSUHVVXUHGHYHORSPHQWGXULQJZHWWLQJXSWRN3DVXFWLRQPLJKWEHGXHWRD
GHOD\HGµWUXH¶HTXLOLEULXPLQWKHVSHFLPHQ$OWKRXJKWKHVZHOOLQJSUHVVXUHGHYHORSHGDQG
WKH DPRXQW RI ZDWHU DEVRUEHG GXULQJ HDFK VXFWLRQ GHFUHPHQW DSSHDUHG WR FHDVH DQ
LQWHUQDO UHGLVWULEXWLRQ RI ZDWHU PLJKW VWLOO RFFXU ZLWKLQ WKH VSHFLPHQ $W DQ DSSDUHQW
HTXLOLEULXPVWDWHIRUHDFKVXFWLRQGHFUHPHQWWKHZDWHUSRWHQWLDORUVXFWLRQRIWKHLQWHU
DJJUHJDWHSRUHZDWHUPLJKWKDYHWKHVDPHYDOXHDVWKHVXFWLRQLQGXFHGE\WKHFLUFXODWHG
ZDWHUYDSRXU)XUWKHUZDWHUDEVRUSWLRQDQGVZHOOLQJSUHVVXUHLQFUHDVHZRXOGFRQWLQXHDV
VRRQ DV WKH HTXLOLEULXP EHWZHHQ LQWHU DQG LQWUDDJJUHJDWH SRUHZDWHU ZDV DWWDLQHG
+RZHYHU WKH UDWHRIZDWHUPRYHPHQW IURP WKH LQWHUDJJUHJDWH WR LQWUDDJJUHJDWHSRUHV
PLJKW EH YHU\ ORZ 7KHUHIRUH WKH µWUXH¶ HTXLOLEULXP PLJKW EH DWWDLQHG DIWHU ORQJ WHVW
GXUDWLRQ
 7KHZDWHUWUDQVSRUWGXULQJVXFWLRQUHGXFWLRQEHORZN3DRFFXUUHGLQWKHOLTXLG
IRUP VLQFH WKH WHVW LQ WKLV VXFWLRQ UDQJH ZDV SHUIRUPHG XVLQJ WKH D[LVWUDQVODWLRQ
WHFKQLTXH $77$V WKH FOD\ FOXVWHUV H[SDQGHG WKH LQWHUDJJUHJDWH SRUHVZHUH FORVHG
DQGWKHHIIHFWVRILQWHUQDOZDWHUUHGLVWULEXWLRQEHFDPHOHVVREYLRXV$ORQVR
 7KHIROORZLQJHTXDWLRQJLYHVWKHEHVWILWWRWKHH[SHULPHQWDOGDWDDQGFDQEHXVHG
WR H[SUHVV WKH GHYHORSPHQW RI VZHOOLQJ SUHVVXUH ZLWK GHFUHDVLQJ VXFWLRQ IRU WKH DV

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU

SUHSDUHG VSHFLPHQZLWK ERWK3V DQG V DUH LQ N3D 7KH HTXDWLRQ JLYHV D FRHIILFLHQW RI
GHWHUPLQDWLRQURIDQGDVWDQGDUGHUURURIHVWLPDWH6((RIN3D
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 )LJXUH D DQG )LJXUH E VKRZ WKH FRUUHVSRQGLQJ FRQVWDQW YROXPH
ZHWWLQJ FKDUDFWHULVWLFV RI WKH DVSUHSDUHG FRPSDFWHG VSHFLPHQ RI  EHQWRQLWHVDQG
PL[WXUH %\ FRPSDULQJ )LJXUH D ZLWK )LJXUH  LW LV VKRZQ WKDW WKH
GHYHORSPHQWRIDERXWRI WKHPD[LPXPVZHOOLQJSUHVVXUH UHVXOWHGIURPDPRLVWXUH
LQWDNHRIRQO\RIWKDWUHTXLUHGWRVDWXUDWHWKHVSHFLPHQ6LPLODUO\DUDSLGLQFUHDVHLQ
WKHGHJUHHRIVDWXUDWLRQRFFXUUHGXSRQZHWWLQJXQWLOWKHGHJUHHRIVDWXUDWLRQRIVSHFLPHQ
UHDFKHG  DW D VXFWLRQ RI DERXW  N3D (TXDWLRQ  DQG (TXDWLRQ 
UHVSHFWLYHO\ FDQ EH XVHG WR H[SUHVV WKH LQFUHDVH LQ ZDWHU FRQWHQW Z DQG GHJUHH RI
VDWXUDWLRQ 6UZLWKGHFUHDVLQJVXFWLRQ VZLWKZ DQG6U DUH LQSHUFHQWDQGV LV LQN3D
6LPLODU WR (TXDWLRQ  WKH HTXDWLRQV KDV D VLPLODU IRUP WR WKH )UHGOXQG DQG;LQJ
6:&&HTXDWLRQ
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 (TXDWLRQKDVDQUYDOXHRIZLWKDQ6((RIZKHUHDV(TXDWLRQ
KDVDQUYDOXHRIZLWKDQ6((RI


&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU
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EHVWILWFXUYH
DVSUHSDUHG
FRQGLWLRQV
DIWHUVDWXUDWLRQZLWK
GLVWLOOHGGHDLUHGZDWHU

E
)LJXUH&RQVWDQWYROXPHZHWWLQJFKDUDFWHULVWLFVRIWKHDVFRPSDFWHGVSHFLPHQV
63+&%DQGDZDWHUFRQWHQWYHUVXVVXFWLRQDQGEGHJUHHRIVDWXUDWLRQ
YHUVXVVXFWLRQ

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU

 &RPSDULVRQRI8QFRQILQHGDQG&RQVWDQW9ROXPH:HWWLQJ&XUYHVDQG
(VWLPDWHG:HWWLQJ&XUYHIURPWKH36''DWD
 )LJXUH D DQG )LJXUH E SUHVHQW D FRPSDULVRQ EHWZHHQ WKHPHDVXUHG
ZDWHUFRQWHQWYHUVXVVXFWLRQFXUYHDQGWKDWHVWLPDWHGIURPWKH0,3WHVWUHVXOWVIRUWKHDV
SUHSDUHGDQGRYHQGULHGVSHFLPHQVUHVSHFWLYHO\,WLVVKRZQWKDWIRUERWKWKHDVSUHSDUHG
VSHFLPHQ )LJXUH D DQG WKH RYHQGULHG VSHFLPHQ )LJXUH E WKH ZDWHU
FRQWHQWYHUVXVPDWULF VXFWLRQ FXUYH HVWLPDWHG IURP WKH0,3 WHVW UHVXOWV LV FORVH WR WKDW
REWDLQHG IURP WKH ZHWWLQJ WHVW XQGHU FRQVWDQW YROXPH FRQGLWLRQV ,W LV SODXVLEOH VLQFH
GXULQJPHUFXU\LQWUXVLRQWKHYROXPHRIVSHFLPHQZDVHVVHQWLDOO\FRQVWDQW6ULGKDUDQHW
DO7KHGLIIHUHQFHVLQERWKFXUYHVFDQEHDWWULEXWHGWRWKHSRVVLEOHGLIIHUHQFHVLQ
GU\LQJDQGZHWWLQJEHKDYLRXURUK\VWHUHVLVDQGWKHHIIHFWVRIRVPRWLFDQGVRUSWLYHIRUFHV
WKDWDUHQRWDFFRXQWHGIRULQWKHFRPSXWDWLRQRIZDWHUFRQWHQWYHUVXVVXFWLRQFXUYHEDVHG
RQWKH:DVKEXUQHTXDWLRQVHH&KDSWHU
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&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU
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PDWULF0,3WHVW
WRWDOFRQVWDQWYROXPHZHWWLQJ
WRWDOXQFRQILQHGZHWWLQJ

E
)LJXUH&RPSDULVRQEHWZHHQWKHPHDVXUHGZDWHUFRQWHQWYHUVXVVXFWLRQFXUYHDQG
WKDWHVWLPDWHGIURPWKH0,3WHVWGDWDIRUDDVSUHSDUHGVSHFLPHQDQGERYHQGULHG
VSHFLPHQ
 6ZHOOLQJ3UHVVXUHDVD)XQFWLRQRI,QLWLDO6XFWLRQ
 7KH UHVXOWV RI RQHVWHS FRQVWDQW YROXPH VZHOOLQJ SUHVVXUH WHVW RQ VSHFLPHQV 63
+&%DQGWRDUHSUHVHQWHGRQDORJDULWKPLFSORWRIVZHOOLQJSUHVVXUHYHUVXV
LQLWLDO VXFWLRQ LQ )LJXUH  6SHFLPHQV 63+&% WR  ZHUH HTXLOLEUDWHG WR
GLIIHUHQW VXFWLRQ YDOXHV LQ WKH SUHVVXUH SODWH DQG DOORZHG WR VZHOO XQWLO UHDFKLQJ DQ
HTXLOLEULXPYRLGUDWLRSULRUWRVZHOOLQJSUHVVXUHWHVW,WLVVKRZQE\WKHWUHQGOLQHJLYHQLQ
WKH ILJXUH WKDW LQ WKH ORZ VXFWLRQ UDQJH DSSUR[LPDWHO\ EHORZ  N3D WKHPHDVXUHG
VZHOOLQJ SUHVVXUH LV DSSUR[LPDWHO\ RI WKH VDPH PDJQLWXGH DV WKH VSHFLPHQ¶V LQLWLDO
VXFWLRQ
 6LQFH WKH WKUHH VSHFLPHQV ZHUH HTXLOLEUDWHG WR GLIIHUHQW VXFWLRQV LQ WKH SUHVVXUH
SODWHLWLVLQWHUSUHWHGWKDWWKHHTXLOLEULXPVXFWLRQZDVWKHPDWULFFRPSRQHQWSURYLGHGWKDW
WKHVRLOSRUHZDWHUKDG WKHVDPHFRPSRVLWLRQVDV WKHVXSSOLHGZDWHUDW WKHHTXLOLEULXP
+RZHYHUDSDUWLDOGLOXWLRQRILRQVWKDWRFFXUUHGGXULQJHTXLOLEUDWLRQGLGQRWDOORZDIXOO
HTXDOLVDWLRQ RI LRQ FRQFHQWUDWLRQ EHWZHHQ WKH VRLO SRUHZDWHU DQG VXSSOLHG ZDWHU 7KH
RVPRWLFDQGVRUSWLYHIRUFHVWKDWZHUHQRWIXOO\GLVVLSDWHGDWHTXLOLEULXPZHUHEDODQFHGE\
WKHFDSLOODU\HIIHFWLHXDXZDQGWKHVHOIZHLJKWRIWKHVSHFLPHQ

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU

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
)LJXUH6ZHOOLQJSUHVVXUHDVDIXQFWLRQRILQLWLDOVXFWLRQIRUWKHKHDYLO\FRPSDFWHG
EHQWRQLWHVDQGPL[WXUH
 6SHFLPHQ63+&%ZDVDOORZHGWRHTXLOLEUDWHRQHGLPHQVLRQDOO\WRDVXFWLRQ
RI  N3D LQ WKH SUHVVXUH SODWH EHIRUH WHVWHG IRU LWV VZHOOLQJ SUHVVXUHZLWK GLVWLOOHG
GHDLUHGZDWHU7KHUHIRUH WKH VSHFLPHQXQGHUZHQW D QHW VXFWLRQGHFUHPHQW RI N3D
$QRWKHU DVVHVVPHQW FDQ DOVR EH PDGH E\ FDOFXODWLQJ WKH UDWLR RI VZHOOLQJ SUHVVXUH
LQFUHDVH'3VWRVXFWLRQGHFUHDVH'VIRUWKHUHVXOWRIDPXOWLVWHSVZHOOLQJSUHVVXUHWHVW
SUHVHQWHG LQ)LJXUH7KH UDWLRRI VZHOOLQJSUHVVXUH LQFUHDVH WR VXFWLRQGHFUHPHQW
DSLVFRPSXWHGXVLQJWKHIROORZLQJHTXDWLRQ
 VS
3
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
 7KH FRPSXWHG DS YDOXH LV SORWWHG DJDLQVW WKH DYHUDJH ORJDULWKPLF VXFWLRQ DQG
VKRZQ LQ )LJXUH  7KH WKUHVKROG VXFWLRQ LV GHILQHG DV DQ DYHUDJH VXFWLRQ EHORZ
ZKLFK WKHDS YDOXH LV HTXDO WR XQLW\7KH YDOXH RI WKUHVKROG VXFWLRQ IRU WKHPXOWLVWHS
VZHOOLQJSUHVVXUHWHVWIURPDVSUHSDUHGVXFWLRQVSHFLPHQV63+&%DQGLVDERXW
N3DZKLFKLVIDLUO\LQJRRGDJUHHPHQWZLWKWKHWKUHVKROGVXFWLRQSUHVHQWHGLQ)LJXUH
$VLPLODUILQGLQJZDVUHSRUWHGE\.DVVLIIDQG%HQ6KDORPZKRREVHUYHGD
WKUHVKROGVXFWLRQRIN3DIRUDPRQWPRULOORQLWLFFOD\ZKLFKZDVWHVWHGIROORZLQJWKH
PXOWLVWHSFRQVWDQWYROXPHVZHOOLQJSUHVVXUHWHVW

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU


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
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$YHUDJHVXFWLRQVN3D
D
S
WKUHVKROGVXFWLRQ
DYHUDJH

)LJXUHDSYDOXHYHUVXVDYHUDJHVXFWLRQIRUWKHPXOWLVWHSVZHOOLQJSUHVVXUHWHVW
IURPWKHDVSUHSDUHGVXFWLRQVSHFLPHQV63+&%DQG
 ,I VZHOOLQJ SUHVVXUH LV UHJDUGHG DV HIIHFWLYH VWUHVV RU QHW VWUHVV EHORZ WKH
WKUHVKROG YDOXH D GHFUHDVH LQ VXFWLRQZLOO EH DFFRPSDQLHG E\ DQ LQFUHDVH LQ HIIHFWLYH
VWUHVVRIWKHVDPHPDJQLWXGH7KLVIDFWLVLQIDYRXUZLWKWKHFRQFHSWRIHIIHFWLYHVWUHVVIRU
XQVDWXUDWHGVRLOVVHH&KDSWHU+RZHYHUWKHGHJUHHRIVDWXUDWLRQFRUUHVSRQGLQJWRWKH
VXFWLRQWKUHVKROGDVVKRZQLQ)LJXUHLVDERXW7KLVLQGLFDWHVWKDWWKHPLFUR
VWUXFWXUDOHIIHFWLYHVWUHVVFRQFHSWDVIRUPXODWHGLQ&KDSWHULH(TXDWLRQLVDOVR
YDOLGDWPDFURVFRSLFOHYHOSURYLGHGWKDWWKHVRLOLVVDWXUDWHGRUYHU\FORVHWRVDWXUDWLRQ
 7KUHH'LPHQVLRQDO9LVXDOLVDWLRQRIWKH6ZHOOLQJ3UHVVXUH7HVWV
 )LJXUH  VKRZV D WKUHHGLPHQVLRQDO SORW RI VZHOOLQJ SUHVVXUH WHVWV QDPHO\
VZHOOORDG 6/ WHVW LH VSHFLPHQ 6/ VZHOOXQGHUORDG 68/ WHVW LH VSHFLPHQ
68/WRPXOWLVWHSVZHOOLQJSUHVVXUHWHVWLHVSHFLPHQV63+&%DQGDQG
RQHVWHSVZHOOLQJSUHVVXUHWHVWDIWHU'ZHWWLQJLHVSHFLPHQVDQGWR7KH
WKUHHGLPHQVLRQDO SORW SUHVHQWHG VKRZV D FRQVHTXHQFH RI WKH WZR VWUHVV VWDWH YDULDEOHV
DSSURDFK LQ UHSUHVHQWLQJ WKH GLIIHUHQW PHWKRGV RI WKH VZHOOLQJ SUHVVXUH WHVWV ZKLFK
FOHDUO\ YLVXDOLVHV KRZ WKH GLIIHUHQW PHWKRGV DGRSWHG PHDVXUHG GLIIHUHQW YDOXHV RI
VZHOOLQJ SUHVVXUH+RZHYHU LW VKRXOG EH QRWHG WKDW D VLPSOLILFDWLRQ KDV EHHQPDGH LQ
UHSUHVHQWLQJQHWYHUWLFDOVWUHVVVYXDDQGVXFWLRQVWRJHWKHURQRQHSORW7KHQDWXUHV
RI WKH WZR VWUHVV YDULDEOHV DUH GLIIHUHQW QHW YHUWLFDO VWUHVV LV RQHGLPHQVLRQDOZKHUHDV
VXFWLRQLVLVRWURSLFLQQDWXUH
 7KH FRQVWLWXWLYH VXUIDFH IRU XQORDGLQJ FDVH LV IRUPHG E\ WKH RQHGLPHQVLRQDO
VZHOOLQJ FXUYH RQ WKH HV SODQH LH IRU RQHGLPHQVLRQDO FDVH RQO\ DQG WKH UHERXQG

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU

FXUYHIURPDVXIILFLHQWO\KLJKQHWYHUWLFDOVWUHVVLHDQDSSUR[LPDWHGFXUYHEDVHGRQWKH
VDWXUDWHG FRPSUHVVLRQUHERXQG WHVWV 7KH SDWKV RI FRQVWDQW YROXPH VZHOOLQJ SUHVVXUH
WHVWV OLH RXWVLGH WKH FRQVWLWXWLYH VXUIDFH LQ WKH HVY  XDV VSDFH 7KH SDWKV DSSHDU WR
FRPSRVHWKHORDGLQJFRQVWLWXWLYHVXUIDFHLQVWHDGRIWKHXQORDGLQJRQH7KHILJXUHLPSOLHV
WKDWWKHFRQYHUJHQFHYRLGUDWLRIRUWKHXQORDGLQJFRQVWLWXWLYHVXUIDFHPD\EHFORVHWR

)LJXUH7KUHHGLPHQVLRQDOYLVXDOLVDWLRQRIGLIIHUHQWVZHOOLQJSUHVVXUHWHVWV
 ,QIOXHQFHRI,QLWLDO&RQGLWLRQVDQG%HQWRQLWH&RQWHQWRQWKH6ZHOOLQJ
3UHVVXUH'HYHORSPHQWDQG8QFRQILQHG:HWWLQJ&KDUDFWHULVWLFV
 7KH GHYHORSPHQW RI VZHOOLQJ SUHVVXUHZLWK GHFUHDVLQJ VXFWLRQ IRU WKH VSHFLPHQV
WKDW ZHUH ZHWWHG IURP GLIIHUHQW LQLWLDO FRQGLWLRQV DQG EHQWRQLWH FRQWHQWV DUH VKRZQ LQ
)LJXUH6ZHOOLQJSUHVVXUHGLGQRWLQFUHDVHZLWKVXFWLRQUHGXFWLRQDERYHN3D
VXFWLRQIRUWKHVSHFLPHQVZLWKEHQWRQLWHFRQWHQWLUUHVSHFWLYHRIWKHLQLWLDOVXFWLRQRI
WKH VSHFLPHQV 7KH SXUH EHQWRQLWH VSHFLPHQZKLFKZDV WHVWHG IURP DERXW ZDWHU
FRQWHQW LH UHIHUUHG WR DV WKH µZHW¶ VSHFLPHQV VKRZV D VLPLODU EHKDYLRXU 6ZHOOLQJ
SUHVVXUHGHYHORSHGUDSLGO\IROORZLQJVXFWLRQUHGXFWLRQLQWKHVSHFLPHQRISXUHEHQWRQLWH
WHVWHG IURP RYHQGULHG FRQGLWLRQV +DYLQJ FRQVLGHUHG WKH IDFWRUV LQIOXHQFLQJ WKH
LQVLJQLILFDQW VZHOOLQJ SUHVVXUH GHYHORSPHQW RI WKH DVSUHSDUHG  FRPSDFWHG

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU

EHQWRQLWHVDQG VSHFLPHQ DW KLJK VXFWLRQV DV GHVFULEHG EHIRUH LW LV XQGHUVWRRG WKDW WKH
GHOD\HGµWUXH¶HTXLOLEULXPLQWKHVSHFLPHQZLWKEHQWRQLWHFRQWHQW LVPDLQO\GXHWR
WKHORZSHUPHDELOLW\RIWKHVSHFLPHQ7KHSUHVHQFHRIVDQGUHGXFHGWKHDYHUDJHIORZRI
ZDWHU LH LQ OLTXLG DQGRU YDSRXU IRUPV SHU XQLW DUHD RI WKH VSHFLPHQ ZLWK 
EHQWRQLWH FRQWHQW LQ FRPSDULVRQ ZLWK WKH SXUH EHQWRQLWH VSHFLPHQ 7KH GHOD\HG µWUXH¶
HTXLOLEULXPRIWKHµZHW¶SXUHEHQWRQLWHVSHFLPHQDSSHDUVWREHFDXVHGE\WKHµORZ¶ZDWHU
SRWHQWLDOJUDGLHQW7KLVVSHFLPHQKDGDQDYHUDJHLQLWLDOVXFWLRQRIDERXWN3DZKLFK
ZDVPXFKORZHUWKDQWKHLQLWLDOVXFWLRQRIWKHRYHQGULHGSXUHEHQWRQLWHVSHFLPHQZLWKDQ
LQLWLDOVXFWLRQRIN3DZKLFKFRUUHVSRQGVWRWKHVXFWLRQDWRYHQGULHGFRQGLWLRQV
&URQH\DQG&ROHPDQ
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6XFWLRQVN3D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%6DVSUHSDUHG63+&%DQG
%6RYHQGULHG63+&%WR
%ZHW63+&%DQG
%RYHQGULHG63+&%
EHVWILW63+&%DQG
EHVWILW63+&%WR
EHVWILW63+&%DQG
EHVWILW63+&%

)LJXUH6ZHOOLQJSUHVVXUHGHYHORSPHQWZLWKGHFUHDVLQJVXFWLRQIRUVSHFLPHQZLWK
GLIIHUHQWLQLWLDOFRQGLWLRQVDQGEHQWRQLWHFRQWHQW
 )LJXUHDDQG)LJXUHEVKRZUHVSHFWLYHO\ZDWHUFRQWHQWDQGGHJUHHRI
VDWXUDWLRQ YHUVXV VXFWLRQ SORW RI WKH VSHFLPHQV ZLWK GLIIHUHQW LQLWLDO FRQGLWLRQV DQG
EHQWRQLWH FRQWHQWV $ UDSLG LQFUHDVH LQ ZDWHU FRQWHQW ZLWK GHFUHDVLQJ VXFWLRQ ZDV
REVHUYHG LQ WKH RYHQGULHG VSHFLPHQV 7KH VSHFLPHQV ZHWWHG IURP µZHW¶ FRQGLWLRQV
JHQHUDOO\VKRZDQLQVLJQLILFDQWLQFUHDVHLQZDWHUFRQWHQWXSWRN3DVXFWLRQ$UDSLG
LQFUHDVH LQ WKH ZDWHU FRQWHQW ZDV REVHUYHG DIWHUZDUG 7KH FKDUDFWHULVWLF RI GHJUHH RI
VDWXUDWLRQYHUVXVVXFWLRQJHQHUDOO\VKRZVDVLPLODUEHKDYLRXU
 

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU

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6XFWLRQVN3D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%6DVSUHSDUHG63+&%DQG
%6RYHQGULHG63+&%WR
%ZHW63+&%DQG
%RYHQGULHG63+&%
EHVWILW63+&%DQG
EHVWILW63+&%WR
EHVWILW63+&%DQG
EHVWILW63+&%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6XFWLRQV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%6DVSUHSDUHG63+&%DQG
%6RYHQGULHG63+&%WR
%ZHW63+&%DQG
%RYHQGULHG63+&%
EHVWILW63+&%DQG
EHVWILW63+&%WR
EHVWILW63+&%DQG
EHVWILW63+&%

E
)LJXUH&RQVWDQWYROXPHZHWWLQJFKDUDFWHULVWLFVRIWKHVSHFLPHQVZLWKGLIIHUHQW
LQLWLDOFRQGLWLRQVDQGEHQWRQLWHFRQWHQWVDZDWHUFRQWHQWYHUVXVVXFWLRQDQGEGHJUHH
RIVDWXUDWLRQYHUVXVVXFWLRQ

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU

 7KHDSYDOXHIRUHDFKWHVWFDQDOVREHFRPSXWHGLQDVLPLODUPDQQHUWRWKHGDWDIRU
WKHDVFRPSDFWHG VSHFLPHQ)LJXUH VKRZVDYDULDWLRQRIDS YDOXHYHUVXVDYHUDJH
ORJDULWKPLF VXFWLRQ 7KH ILJXUH LQGLFDWHV WKDW WKH WKUHVKROG VXFWLRQ GHSHQGV RQ WKH
EHQWRQLWHFRQWHQWZLWKRXWDQ\DSSDUHQWHIIHFWVRILQLWLDOVXFWLRQRULQLWLDOZDWHUFRQWHQW
)RU VSHFLPHQZLWK WKH VDPH EHQWRQLWH FRQWHQW WKHDS YDOXH EHIRUH UHDFKLQJ XQLW\ LV D
IXQFWLRQRIVSHFLPHQ¶VLQLWLDOVXFWLRQRULQLWLDOZDWHUFRQWHQW
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$YHUDJHVXFWLRQVN3D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%6DVSUHSDUHG63+&%DQG
%6RYHQGULHG63+&%WR
%ZHW63+&%DQG
%RYHQGULHG63+&%
WKUHVKROGVXFWLRQ
DYHUDJH

)LJXUHDSYDOXHYHUVXVDYHUDJHVXFWLRQIRUWKHVSHFLPHQVZLWKGLIIHUHQWLQLWLDO
FRQGLWLRQVDQGEHQWRQLWHFRQWHQWV
 7R LQYHVWLJDWH WKH LQFUHDVH RI VZHOOLQJ SUHVVXUH ZLWK LQFUHDVLQJ ZDWHU FRQWHQW
GXULQJ XQFRQILQHG ZHWWLQJ D SORW RI VZHOOLQJ SUHVVXUH YHUVXV ZDWHU FRQWHQW IRU WKH
VSHFLPHQV ZLWK GLIIHUHQW LQLWLDO FRQGLWLRQV DQG EHQWRQLWH FRQWHQWV ZDV SURGXFHG DQG
VKRZQLQ)LJXUH7KHVSHFLPHQVZLWKWKHVDPHEHQWRQLWHFRQWHQWDSSHDUWREHKDYH
VLPLODUO\LUUHVSHFWLYHRIWKHLQLWLDOVXFWLRQRULQLWLDOZDWHUFRQWHQW%RWKFDVHVLHWKH
VSHFLPHQV ZLWK  EHQWRQLWH FRQWHQW DQG SXUH EHQWRQLWH VKRZ D WKUHVKROG ZDWHU
FRQWHQWEH\RQGZKLFKDVPDOOLQFUHDVHLQZDWHUFRQWHQWUHVXOWVLQDVLJQLILFDQWLQFUHDVHLQ
VZHOOLQJSUHVVXUH
 7KH WKUHVKROG ZDWHU FRQWHQW RI WKH  EHQWRQLWHVDQG VSHFLPHQV LH WKH DV
SUHSDUHG DQG RYHQGULHG VSHFLPHQV DQG WKH RYHQGULHG SXUH EHQWRQLWH VSHFLPHQ LV
EHWZHHQDQGZKHUHDV WKH WKUHVKROGZDWHU FRQWHQW RI WKH µZHW¶ SXUHEHQWRQLWH
VSHFLPHQ LV DERXW  LH FORVH WR LWV LQLWLDO ZDWHU FRQWHQW 1R FRQFOXVLRQ FDQ EH
GUDZQIURP)LJXUHUHJDUGLQJIDFWRUVFRQWUROOLQJWKHPDJQLWXGHRIWKUHVKROGZDWHU

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU

FRQWHQW +RZHYHU LW VHHPV WKDW WKH UDWH RI VZHOOLQJ SUHVVXUH LQFUHDVH ZLWK UHVSHFW WR
ZDWHUFRQWHQWLQFUHDVHLVDIXQFWLRQRIEHQWRQLWHFRQWHQW
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%6DVSUHSDUHG63+&%DQG
%6RYHQGULHG63+&%WR
%ZHW63+&%DQG
%RYHQGULHG63+&%
EHVWILW63+&%DQG
EHVWILW63+&%WR
EHVWILW63+&%DQG
EHVWILW63+&%
WKUHVKROG
ZDWHUFRQWHQW
WKUHVKROG
ZDWHUFRQWHQW

)LJXUH6ZHOOLQJSUHVVXUHDVDIXQFWLRQRIZDWHUFRQWHQWGXULQJVXFWLRQUHGXFWLRQIRU
WKHVSHFLPHQVZLWKGLIIHUHQWLQLWLDOFRQGLWLRQVDQGEHQWRQLWHFRQWHQWV
 6XPPDU\RIWKH6ZHOOLQJ3UHVVXUH7HVW5HVXOWV
 7KHIROORZLQJFRQFOXVLRQVFDQEHGUDZQIURPWKHVZHOOLQJSUHVVXUHWHVWUHVXOWV
 7KHWKUHHGLIIHUHQWW\SHVRIRQHVWHSVZHOOLQJSUHVVXUHPHDVXUHPHQWWHFKQLTXHVXVHG
LH WKH VZHOOORDG VZHOOXQGHUORDG DQGFRQVWDQWYROXPHVZHOOLQJSUHVVXUH WHVWV
PHDVXUHG WKUHH GLIIHUHQW YDOXHV RI VZHOOLQJ SUHVVXUH ,W LQGLFDWHV WKH VWUHVV DQG
VXFWLRQSDWKGHSHQGHQF\RIVZHOOLQJSUHVVXUH6ULGKDUDQHWDO
 6ZHOOLQJSUHVVXUHRIWKHEHQWRQLWHVDQGPL[WXUHVVWXGLHGLVDIXQFWLRQRIPL[WXUHGU\
GHQVLW\ DQGPL[WXUHEHQWRQLWH FRQWHQWRU LV FROOHFWLYHO\ D IXQFWLRQRIEHQWRQLWHGU\
GHQVLW\
 7KHUDWHRIVZHOOLQJSUHVVXUHGHYHORSPHQWLQWKHRQHVWHSFRQVWDQWYROXPHVZHOOLQJ
SUHVVXUH WHVW DSSHDUV WR EH D IXQFWLRQ RI LQLWLDO WRWDO VXFWLRQ RI WKH VSHFLPHQ 7KH
HIIHFW RI GHQVLW\ SOD\V D UROH LQ WKH VSHFLPHQV ZLWK µYHU\ KLJK¶ RU µYHU\ ORZ¶
EHQWRQLWHGU\GHQVLW\

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU

 7KH VZHOOLQJ SUHVVXUH GHYHORSPHQW ZLWK GHFUHDVLQJ VXFWLRQ LQ WKH DVSUHSDUHG
VSHFLPHQZDVLQVLJQLILFDQWXSWRN3DVXFWLRQ7KLVPLJKWEHGXHWRDGHOD\HG
µWUXH¶HTXLOLEULXPVWDWHRIWKHVSHFLPHQZKLFKLVLQIOXHQFHGE\WKHZDWHUSRWHQWLDORU
VXFWLRQJUDGLHQWEHWZHHQ WKH LQWHUDQG LQWUDDJJUHJDWHSRUHZDWHUDQG WKHPL[WXUH
SHUPHDELOLW\DWPLFURDQGPDFURVFDOHV
 7KHUHLVDWKUHVKROGVXFWLRQEHORZZKLFKDGHFUHDVHLQVXFWLRQFDXVHVDQLQFUHDVHLQ
VZHOOLQJ SUHVVXUH RI WKH VDPHPDJQLWXGH7KH WKUHVKROG VXFWLRQRI WKH DVSUHSDUHG
VSHFLPHQ UDQJHV IURP  WR  N3D 7KH H[LVWHQFH RI WKH WKUHVKROG VXFWLRQ LV
VXSSRUWHGE\WKHILQGLQJVRI.DVVLIIDQG%HQ6KDORP7KHVLPLODULW\EHWZHHQ
WKHGHFUHDVH LQ VXFWLRQ DQG WKH LQFUHDVH LQ VZHOOLQJSUHVVXUH LQGLFDWHV WKHSRVVLEOH
DSSOLFDELOLW\ RI WKH HIIHFWLYH VWUHVV FRQFHSW ZKLFK LQFRUSRUDWHV VXFWLRQ LQ WKH
IRUPXODWLRQ *HQV DQG$ORQVR  +RZHYHU WKLV LV OLPLWHG WR FRQGLWLRQV YHU\
FORVH WR VDWXUDWLRQ 7KH PDJQLWXGH RI WKUHVKROG VXFWLRQ LV JHQHUDOO\ D IXQFWLRQ RI
EHQWRQLWHFRQWHQWZLWKRXWVLJQLILFDQWHIIHFWVRILQLWLDOFRQGLWLRQV
 7KHUH H[LVWV D WKUHVKROG ZDWHU FRQWHQW EH\RQG ZKLFK D IXUWKHU LQFUHDVH LQ ZDWHU
FRQWHQW UHVXOWV LQ D VLJQLILFDQW LQFUHDVH LQ VZHOOLQJ SUHVVXUH 7KH PDJQLWXGH RI
WKUHVKROGZDWHUFRQWHQWDSSHDUVWREHDOVRDIXQFWLRQRIEHQWRQLWHFRQWHQW
 2QH'LPHQVLRQDO&RPSUHVVLRQDQG5HERXQG%HKDYLRXU
 ,QIOXHQFHRI6WLIIQHVVRIWKH2HGRPHWHU6\VWHPDQG&RUUHFWLRQ8VHGLQWKH
$QDO\VLVRIWKH([SHULPHQWDO'DWD
 7KHDVSUHSDUHGEHQWRQLWHVDQGPL[WXUHVSHFLPHQVWHVWHGLQWKLVLQYHVWLJDWLRQ
ZHUHFRQVLGHUHG WREH VWLII VRLOVDQG WKHUHIRUHFRUUHFWLRQZLWK UHVSHFW WR WKHRHGRPRWHU
V\VWHP VWLIIQHVV RU GHIRUPDELOLW\ LV QHFHVVDU\ IRU DQDO\VLQJ WKH FRPSUHVVLRQUHERXQG
WHVW UHVXOWV )UHGOXQG DQG5DKDUGMR $GGLWLRQDOO\ WKH DSSOLHG QHW YHUWLFDO VWUHVV
VKRXOG DOVR EH FRUUHFWHG WR DFFRXQW IRU HIILFLHQF\ RI WKH RHGRPHWHU WHVW V\VWHP LQ
GHOLYHULQJ SUHVVXUH WR WKH VSHFLPHQ 7KLV LV HVSHFLDOO\ WUXH LQ WKH 83& SQHXPDWLF
RHGRPHWHUV\VWHPDQGLVQRWWKDWVLJQLILFDQWLQWKH:HLPDUKLJKSUHVVXUHRHGRPHWHUWHVW
V\VWHP5RPHURGHVFULEHGWKDWWKHDFWXDOQHWYHUWLFDOSUHVVXUHVYXDDFWXDOZKLFK
DFWVRQWKHVSHFLPHQZKHQDQDLUSUHVVXUHRIXDLVDSSOLHGRQWKHUXEEHUPHPEUDQHZLWK
GRXEOLQJV\VWHPFDQEHFRPSXWHGDV
   Y D DFWXDOXV   DX  
 )LJXUHVKRZWKHXQFRUUHFWHGDQGFRUUHFWHGGDWDRIWKHFRPSUHVVLRQUHERXQG
WHVW RQ DQ DVSUHSDUHG VSHFLPHQ LH VSHFLPHQ &5 7KH FRUUHFWLRQ ZLWK UHVSHFW WR
RHGRPHWHUVWLIIQHVVVLJQLILFDQWO\DIIHFWVWKHWHVWUHVXOW

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU







   
1HWYHUWLFDOVWUHVVVYXDN3D
9
RL
G
UD
WLR
H
XQFRUUHFWHG
FRUUHFWHG

)LJXUH8QFRUUHFWHGDQGFRUUHFWHGFRPSUHVVLRQDQGUHERXQGFXUYHVRI
VSHFLPHQ&5
2QH'LPHQVLRQDO6DWXUDWHG&RPSUHVVLRQDQG5HERXQG&XUYHVDW/RZDQG
+LJK1HW9HUWLFDO6WUHVVHV
 )LJXUHVKRZVDSORWRIYRLGUDWLRYHUVXVQHWYHUWLFDOVWUHVVREWDLQHGIURPWKH
VDWXUDWHG FRPSUHVVLRQUHERXQG WHVWV LQ WKH ORZ DQG KLJK UDQJHV RI QHW YHUWLFDO VWUHVVHV
LHVSHFLPHQ6/DQG&5,QWKHORZUDQJHRIYRLGUDWLRLHDSSDUHQWO\EHORZ
WKHUHVSRQVHRIVSHFLPHQWRLQFUHDVLQJDQGGHFUHDVLQJQHWYHUWLFDOSUHVVXUHLVHVVHQWLDOO\
HODVWLFLHSDWK%*LQWKHILJXUH7KHSODVWLFEHKDYLRXUDSSHDUVWRSOD\DUROHDWKLJKHU
YRLGUDWLRLHSDWK$)(LQWKHILJXUH7KHSODVWLFEHKDYLRXUDWORZYRLGUDWLRZDVDOVR
REVHUYHGLQXQVDWXUDWHG)R&DFOD\VSHFLPHQVUHSRUWHGE\&XLHWDOE

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU

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)LJXUH&KDUDFWHULVWLFVRIVDWXUDWHGFRPSUHVVLRQDQGUHERXQGFXUYHV
 7KHHODVWLFEHKDYLRXURIWKHVDWXUDWHGVSHFLPHQDWORZYRLGUDWLRPD\EHDWWULEXWHG
WRWZRIDFWRUV
 0RUH SDUDOOHO FOD\ SDUWLFOH DUUDQJHPHQWV 7KH DPRXQW RI ZDWHU ZKLFK ZDV KLJK
HQRXJK WR VDWXUDWH WKH VSHFLPHQ LQGXFHG D SRVVLELOLW\ IRU WKHPRUH SDUDOOHO FOD\
SDUWLFOHV DUUDQJHPHQW LQ WKH FOD\ FOXVWHUV ZKHQ VXEMHFWHG WR KLJK QHW YHUWLFDO
VWUHVVHVXQGHURHGRPHWULFFRQGLWLRQV7KHHODVWLFEHKDYLRXURIWKHPDWHULDOYDQLVKHV
ZLWKLQFUHDVLQJVXFWLRQRUGHFUHDVLQJDPRXQWRIZDWHULQWKHVSHFLPHQVLQFHOHVV
SDUDOOHORULHQWDWLRQRIWKHFOD\SDUWLFOHVLQWKHFOXVWHULVH[SHFWHGGXHWRLQVXIILFLHQW
ZDWHUSUHVHQW LQ WKH VSHFLPHQ)RU WKH HODVWLFEHKDYLRXU WRRFFXU WKH VWUHVV OHYHO
VKRXOGDOVREHKLJKHQRXJK RU WKHYRLG UDWLR VKRXOGEH ORZHQRXJK IRU WKHFOD\
FOXVWHUVWREHFRPSUHVVHGGXULQJORDGLQJ
 (ODVWLFFRPSUHVVLRQDQGUHERXQGRIWKHVDQGSDUWLFOHVLQWKHVSHFLPHQ$WKLJKQHW
YHUWLFDO VWUHVVHV HODVWLF FRPSUHVVLRQ RI WKH VDQG SDUWLFOHV PLJKW RFFXU 'XULQJ
VZHOOLQJ SUHVVXUH GHYHORSPHQW ZKHQ ZDWHU ZDV LQWURGXFHG WR WKH VSHFLPHQ WKH
FOD\ SDUWLFOHV RU FOD\ FOXVWHUV LQYDGH WKH PDFURSRUHV UHVXOWLQJ LQ D
µKRPRJHQHRXV¶ FOD\VDQG V\VWHP 7KH KLJK GHQVLW\ RI WKH VSHFLPHQ PDGH LW
SRVVLEOH IRU D FROOHFWLYH FRPSUHVVLRQ RI WKH FOD\ FOXVWHUV DQG WKH VDQG SDUWLFOHV

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU

ZKHQWKHVSHFLPHQLVFRPSUHVVHGDIWHUFRPSOHWLRQRIWKHGHYHORSPHQWRIVZHOOLQJ
SUHVVXUH 7KH HODVWLF EHKDYLRXU LQGXFHG E\ WKH HODVWLF EHKDYLRXU RI WKH VDQG
SDUWLFOHV LV H[SHFWHG WR GHFUHDVH ZLWK LQFUHDVLQJ VXFWLRQ 7KLV LV UHODWHG WR WKH
H[LVWHQFHRIDLUSKDVHLQWKHVSHFLPHQ$WXQVDWXUDWHGVWDWHORDGLQJILUVWUHGXFHVWKH
YROXPHRISRUHDLU LQWKHVSHFLPHQ7KHYROXPHRISRUHDLU LVQRWIXOO\UHFRYHUHG
ZKHQWKHVSHFLPHQLVXQORDGHG
 6DWXUDWHG&RHIILFLHQWRI3HUPHDELOLW\&RPSXWHGIURPWKH2QH'LPHQVLRQDO
6DWXUDWHG&RPSUHVVLRQ5HERXQG7HVW5HVXOWV
 7KHUHVXOWVRIRHGRPHWHUWHVWRQVDWXUDWHGVSHFLPHQVLHVSHFLPHQV6/DQG&5
FDQEHXVHGWRFRPSXWHWKHVDWXUDWHGFRHIILFLHQWRISHUPHDELOLW\DVDIXQFWLRQRIYRLG
UDWLR7KHFRPSXWDWLRQZDVSHUIRUPHGE\DVVXPLQJWKHDSSOLFDELOLW\RI7HU]DJKL¶VWKHRU\
RIFRQVROLGDWLRQ7HU]DJKL7KHIROORZLQJHTXDWLRQFDQEHXVHGWRUHODWHVDWXUDWHG
FRHIILFLHQWRISHUPHDELOLW\ZLWKYRLGUDWLRGXULQJFRPSUHVVLRQDQGUHERXQGRIDVDWXUDWHG
VRLOVSHFLPHQ

 V Z Y R Y
HN J F
H
U
V
' 
 '
 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
 7KH FRHIILFLHQW RI FRQVROLGDWLRQ FY ZDV FDOFXODWHG IURP WKH GHIRUPDWLRQ YHUVXV
WLPHFXUYHRIHDFK LQFUHPHQWRIYHUWLFDOVWUHVVVYXVLQJUHFWDQJXODUK\SHUERODPHWKRG
6ULGKDUDQHWDO7KHH[SHULPHQWDOGHIRUPDWLRQYHUVXVWLPHFXUYHZDVEHVWILWWHG
XVLQJWKHIROORZLQJHTXDWLRQ
 5+ 5+
Y
W F P
G
  W  
 7KHFRHIILFLHQWRIFRQVROLGDWLRQFYZDVFDOFXODWHGIURPWKHLQWHUFHSWRIWKHOLQHDU
SDUWRIWKHWGYYHUVXVWFXUYHF5+DQGLWVVORSHP5+XVLQJWKHIROORZLQJHTXDWLRQZLWK
+LVWKHOHQJWKRIGUDLQDJHSDWK6ULGKDUDQHWDO


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  
 7KH VDWXUDWHG FRHIILFLHQW RI SHUPHDELOLW\ FRPSXWHG IURP WKH RQHGLPHQVLRQDO
VDWXUDWHGFRPSUHVVLRQUHERXQG WHVW UHVXOWVDUHSORWWHG LQ)LJXUH WRJHWKHUZLWK WKH
PHDVXUHGGDWDLHVSHFLPHQV63/&%WRDQGVHYHUDORWKHUGDWDDYDLODEOHLQ6LW]
 7KH GDWD DUH SUHVHQWHG DV D UHODWLRQVKLS EHWZHHQ VDWXUDWHG FRHIILFLHQW RI
SHUPHDELOLW\DQGEHQWRQLWHGU\GHQVLW\7KHXVHRIEHQWRQLWHGU\GHQVLW\DOORZVWKHUHVXOWV
RIVSHFLPHQVZLWKGLIIHUHQWEHQWRQLWHFRQWHQWWREHFRPSDUHG

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU

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
)LJXUH6DWXUDWHGFRHIILFLHQWRISHUPHDELOLW\YHUVXVEHQWRQLWHGU\GHQVLW\
 7KH IROORZLQJ HTXDWLRQEHVWILWV WKH VDWXUDWHG FRHIILFLHQW RISHUPHDELOLW\ LQPV
YHUVXVEHQWRQLWHGU\GHQVLW\LQ0JPGDWDSUHVHQWHGLQ)LJXUHZLWKDFRHIILFLHQW
RIGHWHUPLQDWLRQURI
    H[S V GEN U u   
 6XFWLRQ,QGXFHG&KDQJHLQWKH&RPSUHVVLRQDQG5HERXQG%HKDYLRXU
 )LJXUH  GHSLFWV WKH FRPSUHVVLRQ DQG UHERXQG FXUYHV RI WKUHH DVSUHSDUHG
VSHFLPHQV DIWHU EHLQJ VXEMHFWHG WR GLIIHUHQW YDOXHV RI VXFWLRQ LH VSHFLPHQV&5 WR
&57KHDSSDUHQWSUHFRQVROLGDWLRQSUHVVXUHRIWKHVSHFLPHQV3RJHQHUDOO\LQFUHDVHV
ZLWK LQFUHDVLQJ VXFWLRQ LQGLFDWLQJ WKDW WKHPDWHULDO KDUGHQHG DV VXFWLRQ LQFUHDVHG 7KH
FRPSUHVVLRQ DQG UHERXQG FXUYHV RI VSHFLPHQ &5 DUH DOPRVW VLPLODU WR WKRVH RI
VSHFLPHQ&5ZKLFK LQGLFDWHVDGLPLQLVKLQJ LQIOXHQFHRIVXFWLRQ LQ WKHKLJKVXFWLRQ
UDQJH 7KH SODVWLF EHKDYLRXU LV VHHQ PRUH DSSDUHQW LQ ERWK VSHFLPHQV DV WKH\ ZHUH
XQVDWXUDWHG

&KDSWHU6ZHOOLQJSUHVVXUHFRQVWDQWYROXPHZHWWLQJDQGRQHGLPHQVLRQDO
FRPSUHVVLRQDQGUHERXQGEHKDYLRXU

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&5V N3D
&5V N3D
VZHOOLQJGXHWRVWLIIQHVVRI
WKHRHGRPHWHUV\VWHPXVHG
SUHFRQVROLGDWLRQSUHVVXUH
 N3D
DSSDUHQWSUHFRQVROLGDWLRQ
SUHVVXUH N3D
DSSDUHQWSUHFRQVROLGDWLRQ
SUHVVXUH N3D

)LJXUH&RPSUHVVLRQDQGUHERXQGFXUYHVRIVSHFLPHQV&5&5DQG&5
 6XPPDU\RIWKH2QH'LPHQVLRQDO&RPSUHVVLRQDQG5HERXQG%HKDYLRXU
 7KHIROORZLQJFRQFOXVLRQVFDQEHGUDZQIURPWKHFRPSUHVVLRQUHERXQGWHVWUHVXOWV
 7KHVDWXUDWHGFRPSUHVVLRQDQGUHERXQGFXUYHVVKRZVDQHODVWLFEHKDYLRXUDWKLJKQHW
YHUWLFDOVWUHVVRUORZYRLGUDWLR7KHEHKDYLRXULVQRWVHHQLQWKHORZUDQJHRIQHW
YHUWLFDOVWUHVV
 7KH DSSDUHQW SUHFRQVROLGDWLRQ SUHVVXUH LQFUHDVHV ZLWK LQFUHDVLQJ VXFWLRQ 7KH
HODVWLFEHKDYLRXUDVVHHQLQWKHVDWXUDWHGFRPSUHVVLRQDQGUHERXQGEHKDYLRXUDWKLJK
QHWYHUWLFDOVWUHVVLVQRWIRXQGLQWKHXQVDWXUDWHGVSHFLPHQV


&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV

&+$37(5 
'(5,9$7,212)02'(//,1*3$5$0(7(56
 *HQHUDO
 ,Q WKLV FKDSWHU VRPH SDUDPHWHUV WKDW FDQ EH XVHG LQ WKH FRQVWLWXWLYHPRGHOOLQJ
ZKLFK KDYH EHHQ GHULYHG EDVHG RQ WKH H[SHULPHQWDO GDWD GHVFULEHG LQ WKH SUHFHGLQJ
FKDSWHUDUHSUHVHQWHG7KHH[SHULPHQWDOGDWDZHUHDQDO\VHGDFFRUGLQJWRDQHODVWRSODVWLF
PRGHOIRUXQVDWXUDWHGH[SDQVLYHVRLOV%DUFHORQD([SDQVLYH0RGHORU%([0DQGDQRQ
OLQHDUHODVWLFYROXPHFKDQJHPRGHOEDVHGRQWKHVRLOSKDVHFRQWLQXLW\UHTXLUHPHQWV7KH
UHODWLRQVKLS EHWZHHQ VDWXUDWHG SHUPHDELOLW\ DQG YRLG UDWLR IRU WKH PDWHULDO LV GHULYHG
EDVHG RQ WKH FODVVLFDO .R]HQ\&DUPDQ PRGHO .R]HQ\  DQG &DUPDQ  DQG
FOXVWHU PRGHO 2OVHQ  7KH XQVDWXUDWHG SHUPHDELOLW\ IXQFWLRQ IRU WKHPDWHULDO LV
FRPSXWHGXVLQJ WKHYDQ*HQXFKWHQ0XDOHP YDQ*HQXFKWHQDQG0XDOHP
DQG)UHGOXQGDQG;LQJ0XDOHP)UHGOXQGDQG;LQJDQG0XDOHPVWDWLVWLFDO
PRGHOV
 3DUDPHWHUVIRU&RQVWLWXWLYH0RGHOOLQJ,$Q(ODVWR3ODVWLF0RGHOIRU
8QVDWXUDWHG([SDQVLYH6RLOV%DUFHORQD([SDQVLYH0RGHORU%([0
 3DUDPHWHUVXVHGLQWKHFRQVWLWXWLYHPRGHOOLQJEDVHGRQWKH%DUFHORQD%DVLF0RGHO
%%0 DQG %DUFHORQD ([SDQVLYH0RGHO %([0 FRQVLVW RI HODVWLF SDUDPHWHUV IRU WKH
PLFURDQGPDFURVWUXFWXUDOGHIRUPDWLRQDQGSODVWLFSDUDPHWHUV7KHSDUDPHWHUVGHULYHG
XVLQJ WKH %([0 DUH WKH PLFURVWUXFWXUDO FRPSUHVVLYH LQGH[ NP DQG WKH PLFUR DQG
PDFURVWUXFWXUDO LQWHUDFWLRQ IXQFWLRQV 6LQFH WKHPRGHOZDV RULJLQDOO\ GHYHORSHG EDVHG
RQLVRWURSLFORDGLQJFDVHDVLPSOLILFDWLRQLVPDGHWRHQDEOHGHULYDWLRQRIWKHSDUDPHWHUV
IURPWKHRHGRPHWHUWHVWGDWD7KHVLPSOLILFDWLRQLVWKDWQHWYHUWLFDOVWUHVVVYXDFDQEH
VXEVWLWXWHGIRUQHWPHDQVWUHVVS$ORQVRHWDO7KLVEULQJVDFRQVHTXHQFHWKDW
WKH.RYDOXHLVFRQVLGHUHGWREHFRQVWDQWZLWKQHWYHUWLFDOVWUHVVDQGVXFWLRQ
 (ODVWLF3DUDPHWHUV
 7KH HODVWLF SDUDPHWHU FRQWUROOLQJPLFURVWUXFWXUDO GHIRUPDWLRQ LVNPZKLFK LV WKH
PLFURVWUXFWXUDO FRPSUHVVLYH LQGH[ 7KH YDOXHZDV FRPSXWHG IURP WKH FKDQJH LQ YRLG
UDWLRZLWK LQFUHDVLQJ VXFWLRQ IURP WKH ODVW GU\LQJ RI WKH F\FOLFZHWWLQJGU\LQJ WHVW $V
PHQWLRQHG &KDSWHU  WKH UHVSRQVH RI WKH PDWHULDO WR VXFWLRQ FKDQJHV DIWHU VHYHUDO
ZHWWLQJ GU\LQJ F\FOHV LV JHQHUDOO\ HODVWLF RU UHYHUVLEOH 7KH NP YDOXH IRU VSHFLPHQ

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV

&\FOLF LH WKH VSHFLPHQ WHVWHG XQGHU N3D QHW YHUWLFDO VWUHVV LV  DQG WKH
YDOXHIRUVSHFLPHQ&\FOLFLHWKHVSHFLPHQWHVWHGXQGHUN3DQHWYHUWLFDOVWUHVV
LV 7KHUHIRUH WKH IROORZLQJ HTXDWLRQ LV IRUPXODWHG WR H[SUHVV WKH FKDQJH LQNP
YDOXHZLWKQHWYHUWLFDOVWUHVVLQN3D
     OQP Y D Y DXN V V   X  
 %DVHG RQ WKH VDWXUDWHG RQHGLPHQVLRQDO FRPSUHVVLRQUHERXQG WHVW WKH IROORZLQJ
VLPSOLILHGFXUYH LVFRQVLGHUHG WRJLYHD UHODWLRQVKLSEHWZHHQYRLGUDWLRDQGQHWYHUWLFDO
VWUHVV
9RLGUDWLRH

OR  6DWXUDWHG\LHOG
VWUHVV3R
 N3D
NR 

 1HWYHUWLFDOVWUHVVVYXDN3DORJVFDOH

)LJXUH6LPSOLILHGVDWXUDWHGFRPSUHVVLRQDQGUHERXQGFXUYHV
 %DVHG RQ )LJXUH  WKH VORSH RI VDWXUDWHG UHERXQG DQG UHFRPSUHVVLRQ FXUYH
NRLVHTXDOWR)RUXQVDWXUDWHGFDVHWKHNVYDOXHFDQDOVREHFRPSXWHGDQG
WKHYDOXH IRU N3D DQGN3D VXFWLRQ LV  DQG UHVSHFWLYHO\7KH
IROORZLQJHTXDWLRQFDQEHXVHGWRIRUPXODWHWKHYDULDWLRQRINYDOXHZLWKVXFWLRQZKHUHV
LVDOVRLQN3D
      H[S V VN ª º  ¬ ¼  

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV

 7KHFRPSUHVVLYHLQGH[ZLWKUHVSHFWWRFKDQJHVLQVXFWLRQNVLVREWDLQHGIURPWKH
XQFRQILQHGZHWWLQJDQGGU\LQJFXUYHVLHLVRWURSLFFDVHDW]HURQHWPHDQVWUHVVDQGWKH
YDOXHIROORZVWKHIROORZLQJUHODWLRQVKLSZLWKVXFWLRQLVLQN3D
    H[S  V VN   u V  
 3ODVWLF3DUDPHWHUVDQG/RDGLQJ&ROODSVH/&<LHOG&XUYH
 7KHSODVWLFSDUDPHWHUVFRQVLVWRIWKHFRPSUHVVLYHLQGH[ZLWKUHVSHFWWRFKDQJHVLQ
QHWPHDQVWUHVVRULQWKLVFDVHQHWYHUWLFDOVWUHVVIRUWKHYLUJLQVWDWHVRIWKHVRLOODQG
WKHFRPSUHVVLYHLQGH[ZLWKUHVSHFWWRFKDQJHVLQVXFWLRQIRUWKHYLUJLQVWDWHVRIWKHVRLO
OV$FFRUGLQJWR)LJXUHWKHORYDOXHLVHTXDOWR6LPLODUO\WKHOVYDOXH
FDQDOVREHFRPSXWHGIRUXQVDWXUDWHGFDVHDQGWKHYDOXHLVHTXDOWRIRUN3D
VXFWLRQDQGIRUN3DVXFWLRQ7KHIROORZLQJ WDEOHVXPPDULVHV WKHODQGN
YDOXHVIRUGLIIHUHQWYDOXHVRIVXFWLRQREWDLQHGIURPWKHH[SHULPHQWDOGDWD
7DEOH3DUDPHWHUVODQGNIRUGLIIHUHQWYDOXHVRIVXFWLRQ
6XFWLRQ N3D N3D N3D
OYDOXH   
NYDOXH   

 7KHIROORZLQJHTXDWLRQFDQEHXVHGWRH[SUHVVWKHUHODWLRQVKLSEHWZHHQOYDOXHDQG
VXFWLRQEDVHGRQ(TXDWLRQWKHGDWDSUHVHQWHGLQ7DEOHZLWKVLVLQN3D
      H[S V VO ª º  ¬ ¼  
 )LJXUH  VKRZV WKH YDULDWLRQ RI O DQG N YDOXHV ZLWK VXFWLRQ IRU WKH PDWHULDO
WHVWHGLQWKLVLQYHVWLJDWLRQ
 7KHORDGLQJFROODSVH/&\LHOGFXUYHRIWKHPDWHULDO)LJXUHLVREWDLQHGE\
PDNLQJXVHRIWKHYDULDWLRQRINDQGOYDOXHVZLWKVXFWLRQWKHVDWXUDWHGSUHFRQVROLGDWLRQ
SUHVVXUHRU\LHOGVWUHVV3RDQGWKHYDULDWLRQRISUHFRQVROLGDWLRQSUHVVXUH3RZLWK
VXFWLRQ7KHDSSDUHQWSUHFRQVROLGDWLRQSUHVVXUHRIWKHVSHFLPHQZLWKN3DVXFWLRQ
LHVSHFLPHQ&5LVN3DDQGWKDWRIWKHVSHFLPHQZLWKN3DVXFWLRQLH
VSHFLPHQ&5 LV  N3D 7KH IROORZLQJ ILJXUH VKRZV WKH SORW RI /& FXUYH RI WKH
PDWHULDO7KHUHVXOWRIPXOWLVWHSFRQVWDQWYROXPHVZHOOLQJSUHVVXUHWHVWRIWKHVSHFLPHQV
IURPDVSUHSDUHGVWDWHLHVSHFLPHQV63+&%DQGDUHDOVRGUDZQLQWKHILJXUH
IRUFRPSDULVRQ7KHVZHOOLQJSUHVVXUHRIWKHVSHFLPHQDW]HURVXFWLRQOLHVFORVHO\WRWKH
VDWXUDWHG SUHFRQVROLGDWLRQ SUHVVXUH ,Q DEVHQFH RI WKH VDWXUDWHG FRPSUHVVLRQ DQG
UHERXQGGDWDWKHYDOXHFDQEHWDNHQDVDILUVWHVWLPDWHRI3R$ORQVRHWDO

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV
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\LHOGVWUHVV
PXOWLVWHS63WHVW
EHVWILWFXUYHPXOWLVWHS63WHVW

)LJXUH/&\LHOGFXUYHRIWKHDVSUHSDUHGVSHFLPHQ
 7KHHTXDWLRQRI/&\LHOGFXUYHEDVHGRQ(TXDWLRQLVJLYHQLQ(TXDWLRQ
ZKHUH3RLVLQN3D,WFDQEHLQIHUUHGIURP(TXDWLRQWKDWWKHUHIHUHQFHSUHVVXUHRU
QHWYHUWLFDOVWUHVVLVN3D

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV


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 9HULILFDWLRQRI0DFURVFRSLF5HVSRQVHGXULQJ2QH'LPHQVLRQDO
&RPSUHVVLRQ5HERXQG7HVW
 7R YHULI\ WKH PHFKDQLFDO SDUDPHWHUV WKDW KDYH EHHQ GHULYHG D VLPXODWLRQ ZDV
SHUIRUPHG XVLQJ &2'(B%5,*+7 WR PRGHO PHFKDQLFDO UHVSRQVH RI WKH DVSUHSDUHG
VSHFLPHQ GXULQJ RQHGLPHQVLRQDO FRPSUHVVLRQUHERXQG WHVW LH VSHFLPHQ&5 7KH
IROORZLQJPHFKDQLFDO SDUDPHWHUV DUH UHTXLUHG IRU WKHPRGHOOLQJ 7DEOH  DQG7DEOH

7DEOH(ODVWLFSDUDPHWHUV
1R 3DUDPHWHU 6\PERO 9DOXH
 6DWXUDWHG FRPSUHVVLYH LQGH[ ZLWK UHVSHFW WR
FKDQJHVLQQHWPHDQVWUHVV
NR 
 &RPSUHVVLYH LQGH[ ZLWK UHVSHFW WR FKDQJHV LQ
VXFWLRQDW]HURQHWPHDQVWUHVVDQG]HURVXFWLRQ
NVR 
 0LQLPXPEXONPRGXOXV03D .PLQ 
 3RLVVRQ¶VUDWLR ȣ 
 3DUDPHWHUH[SUHVVLQJFKDQJHVLQNVZLWKVXFWLRQÁ DVV 
 3DUDPHWHUH[SUHVVLQJFKDQJHVLQNZLWKVXFWLRQÁ DL 
 3DUDPHWHU H[SUHVVLQJ FKDQJHV LQNVZLWK QHWPHDQ
VWUHVVÁ
DVS 
 5HIHUHQFHVWUHVV03D SUHI 
WKHYDOXHLVGHILQHGVXFKDZD\WRJLYHNHTXDOWRDQGDWVXFWLRQRIN3DDQG
N3DUHVSHFWLYHO\ZKHQXVHGLQFRQMXQFWLRQZLWKDL
UHSRUWHGLQ,I%
ÁVHHWKHHTXDWLRQVEHORZIRUWKHUHODWLRQVKLSV&2'(B%5,*+7
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
&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV

7DEOH3ODVWLFSDUDPHWHUV
1R 3DUDPHWHU 6\PERO 9DOXH
 6DWXUDWHGYLUJLQFRPSUHVVLYH LQGH[ZLWK UHVSHFW WR
FKDQJHVLQQHWPHDQVWUHVV
OR 
 )LUVW SDUDPHWHU GHVFULELQJ FKDQJHV LQ O ZLWK
VXFWLRQ
U 
 6HFRQG SDUDPHWHU GHVFULELQJ FKDQJHV LQ O ZLWK
VXFWLRQ03D
E 
 3DUDPHWHU ZKLFK WDNHV LQWR DFFRXQW GHFUHDVH LQ
WHQVLOHVWUHQJWKZLWKLQFUHDVLQJWHPSHUDWXUHR&
U DVVXPHG
 3DUDPHWHU ZKLFK WDNHV LQWR DFFRXQW LQFUHDVH LQ
WHQVLOHVWUHQJWKZLWKLQFUHDVLQJVXFWLRQ03D
N DVVXPHG
 5HIHUHQFHSUHVVXUH03D SF 
 &ULWLFDOVWDWHOLQHSDUDPHWHU 0 
 1RQDVVRFLDWLYLW\SDUDPHWHU D DVVXPHG
 ,QLWLDOYRLGUDWLR HR 
 ,QLWLDOVDWXUDWHGSUHFRQVROLGDWLRQSUHVVXUH03D SR 
VHH(TXDWLRQIRUWKHUHODWLRQVKLS
VHHWKHHTXDWLRQVEHORZIRUWKHUHODWLRQVKLS$ORQVRHWDODQG&2'(B%5,*+7

 VW 7 NVU    
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  V RT 0 S W S S     
  
 R
0.
0
X
X
  
 
 
ZKHUH WV LV WKH WHQVLOH VWUHQJWK 7 LV WHPSHUDWXUH T LV WKH GHYLDWRU VWUHVV .R LV WKH
FRHIILFLHQWRIHDUWKSUHVVXUHDWUHVWDQGȣLVWKH3RLVVRQ¶VUDWLR
1RWH,Q&2'(B%5,*+7SUHVVXUHVDQGVXFWLRQDUHLQ03D7KHUHIRUHVRPHFRQVWDQWV
KDYH EHHQ UHGHILQHG E\ EHVWILWWLQJ WKH H[SHULPHQWDO GDWD ZLWK WKH FRQVWLWXWLYH ODZV
DYDLODEOHLQWKHFRGH
 )LJXUHVKRZVDFRPSDULVRQEHWZHHQWKHH[SHULPHQWDOGDWDDQGWKHPRGHOOLQJ
UHVXOWVRIWKHFRPSUHVVLRQUHERXQGWHVWRQWKHDVSUHSDUHGVSHFLPHQLHVSHFLPHQ&5
 7KH JRRG DJUHHPHQW EHWZHHQ WKH PRGHOOLQJ UHVXOWV DQG WKH H[SHULPHQWDO GDWD
LQGLFDWHVWKDWWKHSDUDPHWHUVREWDLQHGFDQEHXVHGWRJLYHTXLWHVDWLVIDFWRU\SUHGLFWLRQRI
YRLGUDWLRFKDQJHVGXULQJFRPSUHVVLRQDQGUHERXQG7KHPHFKDQLFDOSDUDPHWHUVXVHGLQ
WKHPRGHOOLQJZHUHPDLQO\REWDLQHGIURPWKHRQHGLPHQVLRQDO WHVWVDOWKRXJK WKHPRGHO
LWVHOIZDVGHYHORSHGIRULVRWURSLFFDVH

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV
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
)LJXUH&RPSDULVRQEHWZHHQWKHH[SHULPHQWDOGDWDDQGWKHPRGHOLQJUHVXOWVRIWKH
FRPSUHVVLRQUHERXQGWHVWRQWKHDVSUHSDUHGVSHFLPHQVSHFLPHQ&5
 7KH HYROXWLRQ RI.R YDOXH GXULQJ FRPSUHVVLRQ DQG UHERXQG DV REWDLQHG IURP WKH
PRGHOOLQJ LV VKRZQ LQ )LJXUH  ,W ZDV VKRZQ WKDW.R LV QRW D FRQVWDQW EXW LW LV D
IXQFWLRQRIVWUHVVOHYHODQGVXFWLRQ9XDQG)UHGOXQG,QLWLDOO\WKH.RYDOXHLVKLJK
SRVVLEO\ FORVH WR XQLW\'XULQJ HODVWLF FRPSUHVVLRQ WKH YDOXH GHFUHDVHV DQG WHQGV WR
UHDFK WKH HODVWLF .R YDOXH LH WKDW FRPSXWHG XVLQJ (TXDWLRQ  7KH YDOXH
LQFUHDVHVVOLJKWO\DIWHUWKHVSHFLPHQUHDFKHVLWV\LHOGSRLQWDQGLVFRQVWDQWLHHTXDOWR
GXULQJSODVWLFFRPSUHVVLRQ'XULQJUHERXQG WKH.RYDOXH LQFUHDVHVUDSLGO\DQGLV
HYHQJUHDWHUWKDQXQLW\DWORZQHWYHUWLFDOVWUHVVHV

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV
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
)LJXUH(YROXWLRQRI.RYDOXHGXULQJFRPSUHVVLRQUHERXQGWHVWRQWKHDVSUHSDUHG
VSHFLPHQVSHFLPHQ&5
0LFURDQG0DFUR6WUXFWXUDO,QWHUDFWLRQ)XQFWLRQV
 7KHPLFURDQGPDFURVWUXFWXUDOLQWHUDFWLRQIXQFWLRQVLHI,DQGI'FDQEHGHULYHG
IURP WKH UHVXOWV RI F\FOLFZHWWLQJGU\LQJ WHVWV XQGHU FRQVWDQW QHW YHUWLFDO VWUHVVHV LH
WHVWVRQVSHFLPHQ&\FOLFDQG&\FOLF)LJXUHVKRZVDSORWRIWKHUDWLRRISODVWLF
WRHODVWLFGHIRUPDWLRQGXULQJZHWWLQJGU\LQJF\FOHVRQVSHFLPHQV&\FOLFDQG&\FOLF
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)LJXUH5DWLRRISODVWLFWRHODVWLFGHIRUPDWLRQGXULQJZHWWLQJGU\LQJF\FOHV

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV

 7KHYROXPHWULF GHIRUPDWLRQ LQGXFHGE\ FKDQJHV LQ VXFWLRQGXULQJZHWWLQJGU\LQJ
F\FOHV ZDV LQVXEVWDQWLDO IRU ERWK VSHFLPHQV 7KHUHIRUH WKH /& \LHOG FXUYH UHPDLQHG
HVVHQWLDOO\ WKH VDPH GXULQJ ZHWWLQJGU\LQJ F\FOHV VLQFH ERWK WKH O DQG N YDOXHV ZHUH
FRQVWDQW7KHGHULYDWLRQRILQWHUDFWLRQIXQFWLRQVI,DQGI'XVLQJLVQRWSRVVLEOHVLQFHWKH
33RYDOXHIRUHDFKVSHFLPHQLVFRQVWDQW)LJXUH
 ,QWHU$JJUHJDWHDQG,QWUD$JJUHJDWH3RUH:DWHU
 'XULQJ FRPSUHVVLRQUHERXQG XQFRQILQHG VZHOOLQJ DQG FRQVWDQW YROXPH VZHOOLQJ
WHVWV WKH PLFURVWUXFWXUDO HIIHFWLYH VWUHVV FKDQJHG LQGXFLQJ FKDQJHV LQ WKH PLFUR
VWUXFWXUDOYRLGUDWLRHPRIWKHVSHFLPHQ6LQFHWKHPLFURVWUXFWXUDOYRLGVDUHFRQVLGHUHG
WREHVDWXUDWHG WKHFKDQJHV LQZDWHUFRQWHQWRI WKHPLFURVWUXFWXUHFDQEH LQIHUUHGIURP
WKH FKDQJHV LQ HP GXULQJ FRPSUHVVLRQUHERXQG DQG ZHWWLQJ WHVWV 7KH FRPSXWDWLRQ RI
LQWHU DQG LQWUDDJJUHJDWH ZDWHU FRQWHQW LV QRW GHVFULEHG LQ WKH %%0 DQG %([0
+RZHYHUWKHPLFURVWUXFWXUDOSDUDPHWHUGHULYHGEDVHGRQWKH%([0FDQEHXWLOLVHGIRU
WKLVSXUSRVH%\DVVXPLQJDFRQVWDQWPLFURVWUXFWXUDOFRPSUHVVLYHLQGH[NPLHHTXDO
WR WKH DYHUDJH NP YDOXH    WKH FKDQJHV LQ LQWUDDJJUHJDWH ZDWHU FRQWHQW RU
PLFURVWUXFWXUDO ZDWHU FRQWHQW DQG LQWHUDJJUHJDWH RU PDFURVWUXFWXUDO ZDWHU FRQWHQW
FDQEHFRPSXWHG,QWKHFRPSXWDWLRQWKHLQLWLDORUDVSUHSDUHGZDWHUFRQWHQWLVDVVXPHG
WREHGLVWULEXWHGDFFRUGLQJWRWKH0,3WHVWGDWD7KHLQWUDDJJUHJDWHSRUHLHWKHPLFUR
SRUHYROXPHIRUWKHDVSUHSDUHGVSHFLPHQFRPSULVHGRIWKHWRWDOSRUHYROXPH7KH
SURSRUWLRQLVDVVXPHGWREHFRQVWDQWIRUDOODVSUHSDUHGVSHFLPHQV)LJXUHVKRZVWKH
DOWHUDWLRQ RI WRWDO LQWUDDJJUHJDWH DQG LQWHUDJJUHJDWH ZDWHU FRQWHQWV GXULQJ VDWXUDWHG
FRPSUHVVLRQUHERXQG WHVWV LH WKH WHVWVRQ VSHFLPHQV6/DQG&57KHFKDQJH LQ
LQWUDDJJUHJDWHZDWHUFRQWHQWLVRQO\VLJQLILFDQWGXULQJVZHOOLQJXQGHUN3DORDGLQJRQ
VSHFLPHQ6/ZKLOHDJUDGXDOGHFUHDVHLQWKHLQWUDDJJUHJDWHZDWHUFRQWHQWZLWKUHVSHFW
WRFKDQJHVLQQHWYHUWLFDOVWUHVVLVREVHUYHG

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV
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
)LJXUH&KDQJHLQWRWDOLQWUDDJJUHJDWHDQGLQWHUDJJUHJDWHZDWHUFRQWHQWVGXULQJ
VDWXUDWHGFRPSUHVVLRQUHERXQGWHVWVVSHFLPHQV6/DQG&5
 )LJXUH  DQG )LJXUH  VKRZ WKH FKDQJH LQ WRWDO LQWUDDJJUHJDWH DQG LQWHU
DJJUHJDWHZDWHUFRQWHQWVZLWKVXFWLRQGXULQJXQFRQILQHGZHWWLQJDQGPXOWLVWHSFRQVWDQW
YROXPHVZHOOLQJSUHVVXUH WHVWVRQ WKHDVSUHSDUHG VSHFLPHQV5HODWLYH WR WKHFKDQJH LQ
WRWDO ZDWHU FRQWHQW FKDQJH WKH FKDQJH LQ LQWUDDJJUHJDWH ZDWHU FRQWHQW LV FRQVLGHUHG
LQVLJQLILFDQWLQERWKFDVHV,QRUGHUWRLQYHVWLJDWHWKHLQIOXHQFHRIERXQGDU\FRQGLWLRQVRQ
WKHPLFURVWUXFWXUDOZDWHUVRUSWLRQFKDUDFWHULVWLFVDSORWRILQWUDDJJUHJDWHZDWHUFRQWHQW
FKDQJHV GXULQJ XQFRQILQHG DQG FRQVWDQW YROXPHZHWWLQJ LVPDGH DQG VKRZQ LQ )LJXUH
 7KH ERXQGDU\ FRQGLWLRQV DSSHDU WR DIIHFW WKH PLFURVWUXFWXUDO FKDQJH LQ ZDWHU
FRQWHQW ZKHQ VXFWLRQ LV UHGXFHG EHORZ  N3D %HORZ WKLV YDOXH WKH LQFUHDVH LQ
VZHOOLQJSUHVVXUHLVDOPRVWHTXDORUVOLJKWO\ORZHUWKDQWKHGHFUHDVHLQVXFWLRQLQGXFLQJ
WKHORZQHWLQFUHDVHLQPLFURVWUXFWXUDOHIIHFWLYHVWUHVV

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV
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)LJXUH&KDQJHLQWRWDOLQWUDDJJUHJDWHDQGLQWHUDJJUHJDWHZDWHUFRQWHQWVGXULQJ
XQFRQILQHGZHWWLQJWHVWIURPDVSUHSDUHGFRQGLWLRQVVSHFLPHQV8&DQG8&
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)LJXUH&KDQJHLQWRWDOLQWUDDJJUHJDWHDQGLQWHUDJJUHJDWHZDWHUFRQWHQWVGXULQJ
FRQVWDQWYROXPHZHWWLQJWHVWIURPDVSUHSDUHGFRQGLWLRQV
VSHFLPHQV63+&%DQG

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV
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
)LJXUH&RPSDULVRQEHWZHHQFKDQJHVLQLQWUDDJJUHJDWHZDWHUFRQWHQWIURP
XQFRQILQHGDQGFRQVWDQWYROXPHZHWWLQJWHVWV
 3DUDPHWHUVIRU&RQVWLWXWLYH0RGHOOLQJ,,$1RQ/LQHDU(ODVWLF9ROXPH
&KDQJH0RGHO%DVHGRQWKH6RLO3KDVH&RQWLQXLW\5HTXLUHPHQWV
 3DUDPHWHUV UHTXLUHG IRU WKH QRQOLQHDU HODVWLF YROXPH FKDQJHPRGHO EDVHG LQ WKH
VRLOSKDVHFRQWLQXLW\UHTXLUHPHQWVFRQVLVWRISDUDPHWHUVDVVRFLDWHGZLWKVRLOVWUXFWXUHDQG
ZDWHUSKDVHYROXPHWULFGHIRUPDWLRQ)UHGOXQGDQG5DKDUGMR
 (ODVWLF3DUDPHWHUV$VVRFLDWHGZLWK6RLO6WUXFWXUH9ROXPHWULF'HIRUPDWLRQ
 (ODVWLFSDUDPHWHUVDVVRFLDWHGZLWKWKHVRLOVWUXFWXUHYROXPHWULFGHIRUPDWLRQZKLFK
DUHUHTXLUHGLQWKHPRGHODUHPRGXOXVRIHODVWLFLW\ZLWKUHVSHFWWRFKDQJHVLQQHWYHUWLFDO
VWUHVV(DQGPRGXOXVRIHODVWLFLW\ZLWKUHVSHFWWRFKDQJHVLQVXFWLRQ+7KH(YDOXHRI
WKH PDWHULDO FDQ EH REWDLQHG IURP WKH RQHGLPHQVLRQDO FRPSUHVVLRQUHERXQG WHVW GDWD
LH WKHWHVWVRQVSHFLPHQV&5DQG,QWKLVFDVHWKH.RYDOXHLVDVVXPHGWREH
FRQVWDQWDQGWKHYDOXHFDQEHFRPSXWHGIURP3RLVVRQUDWLRȣXVLQJ(TXDWLRQ
 7KHIROORZLQJJHQHUDOSRZHUODZFDQEHXVHGWRH[SUHVVWKHFKDQJHLQ(YDOXHZLWK
QHW YHUWLFDO VWUHVVZLWK VY  XDUHI LV WKH UHIHUHQFHQHW YHUWLFDO VWUHVV DQGE( LV D SRZHU
ZKLFKLVDIXQFWLRQRIVXFWLRQ$WWKHUHIHUHQFHQHWYHUWLFDOVWUHVVWKHVRLOKDVDPRGXOXV
RI HODVWLFLW\ RI(UHI7KH DSSURDFKXVHGKHUHLQ LQ UHODWLQJ(ZLWKQHW YHUWLFDO VWUHVV DQG
VXFWLRQLVVLPLODUWRIRUPXODWLRQRIWKHKDUGHQLQJVRLOPRGHO6FKDQ]

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV
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  )LJXUHVKRZVWKHYDULDWLRQRI(ZLWKVYXDIRUVSHFLPHQV&5DQG
IRU ORDGLQJFDVHDVFRPSXWHGXVLQJ(TXDWLRQ7KHSORW LQGLFDWHV WKDW WKHUDWHRI
LQFUHDVHLQ(ZLWKQHWYHUWLFDOVWUHVVRQORDGLQJGHFUHDVHVZLWKLQFUHDVLQJVXFWLRQ
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
)LJXUH9DULDWLRQRI(ZLWKQHWYHUWLFDOVWUHVV
 (TXDWLRQ  H[SUHVVHV WKH YDULDWLRQ RI ( YDOXH ZLWK QHW YHUWLFDO VWUHVV IRU
VSHFLPHQ &5 ZKHUHDV (TXDWLRQ  DQG (TXDWLRQ  H[SUHVV WKH ( YHUVXV
VYXDIRUVSHFLPHQV&5DQG&5UHVSHFWLYHO\
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
&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV

 ,QWKHDERYHHTXDWLRQV WKHVYXDUHIYDOXHLVHTXDOWRN3D7KH(UHIYDOXHLV
HTXDOWRN3DN3DDQGN3DIRUVXFWLRQHTXDOWR]HURN3DDQG
N3DUHVSHFWLYHO\7KHE(YDOXHLVHTXDOWRDQGIRUVXFWLRQHTXDOWR
]HURN3DDQGN3DUHVSHFWLYHO\%RWK(UHIDQGE(YDOXHVYDU\ZLWKVXFWLRQ
 $JHQHUDOLVHGUHODWLRQVKLSEHWZHHQ(VDQGVYXDFDQDOVREHHVWDEOLVKHG7KH
YDULDWLRQRI(YDOXHZLWKVDQGVYXDFDQEHIRUPXODWHGE\FRPELQLQJ(TXDWLRQ
WR(TXDWLRQUHVXOWLQJLQWKHIROORZLQJHTXDWLRQZLWK(VDQGVYXDDUHLQN3D
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 7KHYDULDWLRQRI+YDOXHZLWKVXFWLRQFDQEHFRPSXWHGIURPWKHXQFRQILQHGZHWWLQJ
WHVW IURP WKH DVSUHSDUHG FRQGLWLRQV LH VSHFLPHQ8& DQGZKLFK LV UHSORWWHG LQ
)LJXUH1RH[SHULPHQWDOGDWD IRU WKHPDWHULDO LQYHVWLJDWHGKHUHLQDUHDYDLODEOH WR
DVVHVVWKHFKDQJHLQ+YDOXHZLWKVYXD6LPLODUWRWKHZD\E\ZKLFKWKH(YHUVXVVY
XDLVIRUPXODWHGWKHIROORZLQJJHQHUDOHTXDWLRQDSSOLHVWRUHODWH+ZLWKVXFWLRQ
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ZKHUHVUHILVWKHUHIHUHQFHVXFWLRQDQGE+LVDSRZHUZKLFKLVDIXQFWLRQRIVYXD
 7KHIROORZLQJHTXDWLRQLVREWDLQHGE\ILWWLQJ(TXDWLRQWRWKHH[SHULPHQWDO
GDWDSUHVHQWHGLQ)LJXUHZLWK+LVLQN3D
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
)LJXUH9RLGUDWLRDQGZDWHUFRQWHQWFKDQJHVGXULQJXQFRQILQHGZHWWLQJIURPWKH
DVSUHSDUHGFRQGLWLRQVVSHFLPHQV8&DQG8&
 (ODVWLF3DUDPHWHUV$VVRFLDWHGZLWK:DWHU3KDVH9ROXPHWULF'HIRUPDWLRQ
 (ODVWLF SDUDPHWHUV IRU WKH ZDWHU SKDVH DUH SDUDPHWHUV UHODWLQJ WKH YROXPHWULF
GHIRUPDWLRQ RI ZDWHU SKDVH ZLWK QHW YHUWLFDO VWUHVV (Z DQG VXFWLRQ +Z 6LQFH WKH
FRPSUHVVLRQUHERXQG WHVWVRQ VSHFLPHQV&5DQG&5ZHUHEDVLFDOO\ FRQVWDQWZDWHU
FRQWHQWWHVWVWKH(ZYHUVXVVYXDUHODWLRQVKLSLVRQO\GHULYHGIRUWKHWHVWRQVSHFLPHQ
&5,QWKHRHGRPHWHUWHVWRQWKHVDWXUDWHGVSHFLPHQLHWKHWHVWRQVSHFLPHQ&5
WKH VSHFLPHQYROXPH FKDQJH LV DVVXPHG WREHGXH WRZDWHU EHLQJ VTXHH]HGRXW GXULQJ
ORDGLQJ7KHUHIRUH WKHIROORZLQJHTXDWLRQ LVREWDLQHG WRH[SUHVV WKHFKDQJH LQ(ZZLWK
VYXDGXULQJORDGLQJZLWK((ZDQGVYXDDUHLQN3D
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 7KH YDULDWLRQ RI+Z YHUVXV VXFWLRQ FDQ EH REWDLQHG E\ XWLOLVLQJ WKH H[SHULPHQWDO
GDWDSUHVHQWHGLQ)LJXUHDQG(TXDWLRQ)LJXUHFRPSDUHVWKHYDULDWLRQ
RI+ DQG+ZZLWK VXFWLRQ IRU WKHPDWHULDO WHVWHG LQ WKLV LQYHVWLJDWLRQ 6LQFH GHJUHH RI
VDWXUDWLRQ RI WKH VSHFLPHQ GXULQJ XQFRQILQHG ZHWWLQJ IURP WKH DVSUHSDUHG VWDWH ZDV
IDLUO\FRQVWDQWWKH+YHUVXVVXFWLRQDQG+ZYHUVXVVXFWLRQFXUYHVDUHHVVHQWLDOO\SDUDOOHO
HDFKRWKHU(TXDWLRQFDQEHXVHGWRH[SUHVVWKHYDULDWLRQRI+ZYHUVXVVXFWLRQ

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV
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)LJXUH9DULDWLRQRI+DQG+ZZLWKVXFWLRQ
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
 3HUPHDELOLW\0RGHOV
 6DWXUDWHG DQG XQVDWXUDWHG FRHIILFLHQWV RI SHUPHDELOLW\ DUH UHTXLUHG LQ PRGHOOLQJ
ZDWHU RU OLTXLG WUDQVSRUW WKURXJK XQVDWXUDWHG FRPSDFWHG EHQWRQLWHVDQGPL[WXUH 7KH
VDWXUDWHGSHUPHDELOLW\PRGHOVEURXJKWRXW LQ WKLVGLVVHUWDWLRQDUH WKH FODVVLFDO.R]HQ\
&DUPDQ .R]HQ\  DQG &DUPDQ  DQG FOXVWHU PRGHO 2OVHQ  7KH
XQVDWXUDWHGFRHIILFLHQWRISHUPHDELOLW\YHUVXV VXFWLRQ LH WKHXQVDWXUDWHGSHUPHDELOLW\
IXQFWLRQZDVFRPSXWHGIURPWKHVDWXUDWHGFRHIILFLHQWRISHUPHDELOLW\DQGZHWWLQJFXUYH
WKURXJK VWDWLVWLFDO PRGHOV VXFK DV YDQ *HQXFKWHQ0XDOHP YDQ *HQXFKWHQ  DQG
0XDOHP DQG)UHGOXQGDQG;LQJ0XDOHPPRGHOV )UHGOXQGDQG;LQJDQG
0XDOHP
 6DWXUDWHG3HUPHDELOLW\0RGHOV
 .R]HQ\&DUPDQ0RGHO
 %DVHG RQ WKH PHDVXUHG WRWDO VSHFLILF VXUIDFH DUHD SUHVHQWHG LQ &KDSWHU  WKH
IROORZLQJ.R]HQ\&DUPDQHTXDWLRQLVREWDLQHG

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV

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ZKHUHNVLVLQPV
 )LJXUH VKRZV WKH UHODWLRQVKLSEHWZHHQ VDWXUDWHG FRHIILFLHQW RI SHUPHDELOLW\
NVYHUVXVYRLGUDWLRIRUFRPSDFWHGEHQWRQLWHVDQGPL[WXUH7KHSHUPHDELOLW\GDWD
REWDLQHGE\6LW]DWORZYRLGUDWLRVDUHDOVRSORWWHGWRFRPSOLPHQWWKHSHUPHDELOLW\
GDWDFRPSXWHGIURPWKHVDWXUDWHGFRPSUHVVLRQUHERXQGWHVWVLHWKHWHVWVRQVSHFLPHQV
6/DQG&57KHVDWXUDWHGFRHIILFLHQWVRISHUPHDELOLW\GHULYHGIURPWKH0,3GDWDDUH
[PV[PVDQG[PV IRUYRLGUDWLRRIDQG
UHVSHFWLYHO\LHWKHDVSUHSDUHGRYHQGULHGDQGVZROOHQVSHFLPHQV7KHGDWDOLHPXFK
DERYH WKH WUHQGOLQH RI WKH NVH FXUYH VKRZQ LQ )LJXUH  7KH .R]HQ\&DUPDQ
SUHGLFWLRQ JLYHV PXFK ORZHU YDOXHV RI NV FRPSDUHG WR WKH PHDVXUHG YDOXHV DQG WKH
FRPSXWHGNVIURPWKHVDWXUDWHGFRPSUHVVLRQUHERXQGWHVWGDWD(TXDWLRQ
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FRPSXWHG6/
FRPSXWHG&5
PHDVXUHG6LW]
FRPSXWHG0,3WHVWGDWD
SUHGLFWHG.R]HQ\&DUPDQ
EHVWILWFXUYH

)LJXUH6DWXUDWHGFRHIILFLHQWRISHUPHDELOLW\YHUVXVYRLGUDWLR
 &OXVWHU0RGHO
 7KH.R]HQ\&DUPDQPRGHOKDVORQJEHHQNQRZQWREHLQVXIILFLHQWLQHVWDEOLVKLQJ
WKHNVHUHODWLRQVKLSIRUFOD\VRLOV2OVHQ&OXVWHUPRGHOSURSRVHGE\2OVHQ
ZDVXVHG WRGHULYH WKHNVH UHODWLRQVKLSIRU WKHKHDYLO\FRPSDFWHGEHQWRQLWHVDQG

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV

PL[WXUH LQ WKLVVWXG\ ,Q WKHFOXVWHUPRGHO LQIRUPDWLRQRQFOXVWHUYRLG UDWLR LH LQWUD
DJJUHJDWHRUPLFURVWUXFWXUDOYRLGUDWLRHFRUHPWRWDOYRLGUDWLRH7RUHDQGDYHUDJH
QXPEHURIFOD\SDUWLFOHVSHUFOXVWHU1DUHUHTXLUHG%\XWLOLVLQJWKHHODVWLFFRPSUHVVLYH
LQGH[RIPLFURVWUXFWXUDOGHIRUPDWLRQNPYDULDWLRQRIHPGXULQJORDGLQJXQORDGLQJDQG
ZHWWLQJFDQEHFRPSXWHGDQGLVVKRZQLQ)LJXUH)LJXUHDQG)LJXUHIRU
WKH VDWXUDWHG FRPSUHVVLRQUHERXQG XQFRQILQHG VZHOOLQJ DQG FRQVWDQW YROXPH ZHWWLQJ
WHVWV UHVSHFWLYHO\ )LJXUH  GHSLFWV WKH YDULDWLRQ RI LQWULQVLF SHUPHDELOLW\ .ZLWK
YRLG UDWLR GXULQJ VDWXUDWHG FRPSUHVVLRQUHERXQG WHVWV HVWLPDWHG IURP FOXVWHU PRGHO LQ
FRPSDULVRQZLWKWKH.R]HQ\&DUPDQSUHGLFWLRQ,QWKHFRPSXWDWLRQ1LVDVVXPHGWREH
7KH.R]HQ\&DUPDQSUHGLFWV LQWULQVLFSHUPHDELOLW\DOPRVW VLPLODU WR WKDW HVWLPDWHG
XVLQJ WKH FOXVWHU PRGHO SUHGLFWLRQ IRU YRLG UDWLR  7KH GLIIHUHQFH EHWZHHQ WKH WZR
SUHGLFWLRQ UHVXOWV EHFRPHV DSSDUHQW LQ WKH ORZYRLG UDWLR UDQJHZLWK WKH FOXVWHUPRGHO
SUHGLFWLRQEHLQJORZHUWKDQWKH.R]HQ\&DUPDQSUHGLFWLRQ
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6/FOXVWHUPRGHO1 
&5FOXVWHUPRGHO1 
.R]HQ\&DUPDQ

)LJXUH,QWULQVLFSHUPHDELOLW\HVWLPDWHGIURPFOXVWHUPRGHOLQFRPSDULVRQZLWKWKH
.R]HQ\&DUPDQSUHGLFWLRQIRUWKHVDWXUDWHGFRPSUHVVLRQUHERXQGWHVWGDWDVSHFLPHQV
6/DQG&5
 %\ WDNLQJ WKH DVVXPHG UHODWLRQVKLS EHWZHHQ WRWDO FOXVWHU DQG LQWUDFOXVWHU YRLG
UDWLR SURSRVHG E\2OVHQ  )LJXUH  WKH YDULDWLRQ RI LQWULQVLF SHUPHDELOLW\ .
ZLWKYRLGUDWLRIRUWKHVDWXUDWHGFRPSUHVVLRQUHERXQGWHVWGDWDLHVSHFLPHQV6/DQG
&5FDQEHFRPSXWHG7KHUHODWLRQVKLSLVJLYHQLQ)LJXUH%RWKPRGHOVVKRZWKH
VDPHWUHQGRI.HUHODWLRQVKLSZLWKDVOLJKWGLIIHUHQFH

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV
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6/&OXVWHUPRGHO1 
&5&OXVWHUPRGHO1 
.R]HQ\&DUPDQ

)LJXUH,QWULQVLFSHUPHDELOLW\HVWLPDWHGIURPFOXVWHUPRGHOLQFRPSDULVRQZLWKWKH
.R]HQ\&DUPDQSUHGLFWLRQIRUWKHVDWXUDWHGFRPSUHVVLRQUHERXQGWHVWGDWDVSHFLPHQV
6/DQG&5DVVXPLQJWKHHHPUHODWLRQVKLSDVSURSRVHGE\2OVHQ
 )LJXUH  DQG )LJXUH  VKRZ WKH LQWULQVLF SHUPHDELOLW\ YHUVXV VXFWLRQ
UHODWLRQVKLS GXULQJ XQFRQILQHG VZHOOLQJ DQG FRQVWDQW YROXPH VZHOOLQJ WHVWV RQ WKH DV
SUHSDUHGVSHFLPHQUHVSHFWLYHO\7KHFKDQJHVLQHPYDOXHGXULQJWHVWVDUHFRPSXWHGIURP
WKHFKDQJHVLQPLFURVWUXFWXUDOHIIHFWLYHVWUHVV$WKLJKYRLGUDWLRLHORZVXFWLRQERWK
PHWKRGVJLYH IDLUO\VLPLODUHVWLPDWHRI. )LJXUH LQGLFDWLQJ WKH OHVVSURQRXQFHG
HIIHFWVRIFKDQJHVLQWKHPLFURVWUXFWXUDOYRLGUDWLRRQWKHPDJQLWXGHRI.

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV
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 8&DQG8&FOXVWHUPRGHO1 
.R]HQ\&DUPDQ

)LJXUH,QWULQVLFSHUPHDELOLW\YHUVXVVXFWLRQHVWLPDWHGIURPFOXVWHUPRGHOLQ
FRPSDULVRQZLWKWKH.R]HQ\&DUPDQSUHGLFWLRQGXULQJXQFRQILQHGVZHOOLQJWHVWIURPDV
SUHSDUHGFRQGLWLRQVVSHFLPHQV8&DQG8&
 )LJXUHVKRZVWKDWWKH.YDOXHGHFUHDVHVZLWKGHFUHDVLQJVXFWLRQXSWRDERXW
N3DVXFWLRQGXULQJFRQVWDQWYROXPHZHWWLQJRUVZHOOLQJSUHVVXUHWHVWDQGLQFUHDVHV
ZLWKGHFUHDVLQJVXFWLRQDIWHUZDUG7KH LQFUHDVH LQ.EHORZN3DVXFWLRQ LVPDLQO\
FDXVHG E\ D VOLJKW LQFUHDVH LQ YRLG UDWLR RI WKH VSHFLPHQ GXH WR GHIRUPDWLRQ RI WKH
HTXLSPHQWXVHG ,W LV WKRXJKW WKDW WKH.YDOXHFRQWLQXHG WRGHFUHDVHZKHQ WKHFRQVWDQW
YROXPHFHOOXVHGZDVVWLIIHQRXJKWRUHVWUDLQGHIRUPDWLRQGXHWRWKHGHYHORSPHQWRIKLJK
VZHOOLQJSUHVVXUHZKHQWKHPDWHULDODSSURDFKHGLWVVDWXUDWLRQ7KXVLWFRXOGKDSSHQWKDW
WKHVDWXUDWHGFRHIILFLHQWRISHUPHDELOLW\ NVRIDQH[SDQVLYHVRLOZHWWHGXQGHUFRQVWDQW
YROXPH FRQGLWLRQV LV HYHQ ORZHU WKDQ LWV XQVDWXUDWHG FRHIILFLHQW RI SHUPHDELOLW\ NZ
*HQHUDOO\WKHNZYDOXHRIDVRLOLVORZHUWKDQLWVNVYDOXHZKHQYRLGUDWLRLVFRQVWDQW,Q
WKHFDVHRIH[SDQVLYHVRLOZHWWHGXQGHUFRQVWDQWYROXPHFRQGLWLRQVWKHUHLVDQH[SDQVLRQ
RIFOD\FOXVWHUVXQGHUFRQVWDQWWRWDOYRLGUDWLRUHVXOWLQJLQWKHPDFURSRUHVEHLQJEORFNHG
E\WKHFOD\FOXVWHUV

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV
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 63+&%DQGFOXVWHUPRGHO1 
.R]HQ\&DUPDQ

)LJXUH,QWULQVLFSHUPHDELOLW\YHUVXVVXFWLRQHVWLPDWHGIURPFOXVWHUPRGHOLQ
FRPSDULVRQZLWKWKH.R]HQ\&DUPDQSUHGLFWLRQGXULQJFRQVWDQWYROXPHZHWWLQJWHVWIURP
DVSUHSDUHGFRQGLWLRQVVSHFLPHQV63+&%DQG
 )LJXUH  VKRZV D SORW RI LQWULQVLF SHUPHDELOLW\ YHUVXV H0H0 RI WKH DV
SUHSDUHGVSHFLPHQFRPSXWHGXVLQJ WKHFOXVWHUPRGHO LQFRPSDULVRQZLWK WKDWSUHGLFWHG
XVLQJ WKH.R]HQ\&DUPDQ HTXDWLRQ IRU WKH WKUHH GLIIHUHQW W\SHV RI WHVW SHUIRUPHG7KH
EHVWILWFXUYHRIWKHFOXVWHUPRGHOSUHGLFWLRQGDWDIRUPVDVWUDLJKWOLQHSDVVLQJWKHRULJLQ
ZKLFKLVLQDJUHHPHQWZLWKWKH.R]HQ\&DUPDQSRVWXODWLRQ7KHVORSHRIWKHEHVWILWWHG
FOXVWHU PRGHO SUHGLFWLRQ FXUYH LV [ P ZKHUHDV WKDW RI WKH .R]HQ\&DUPDQ
SHUPHDELOLW\SUHGLFWLRQLV[P+HQFHDWDQ\YDOXHRIH0ERWKSUHGLFWLRQVJLYH
DOHVVWKDQRQHRUGHUGLIIHUHQFHLQ.YDOXH7KLVIDFWDSSHDUVWRLQGLFDWHWKDWWKH.R]HQ\
&DUPDQ.YHUVXVHUHODWLRQVKLSVWLOOKROGVSURYLGHGWKDWH0LVFRQVLGHUHGLQVWHDGRIH

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV

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VDWXUDWHGFRPSUHVVLRQUHERXQGWHVW
XQFRQILQHGVZHOOLQJWHVW
FRQVWDQWYROXPHVZHOOLQJWHVW
.R]HQ\&DUPDQ
EHVWILWFOXVWHUPRGHO

)LJXUH,QWULQVLFSHUPHDELOLW\YHUVXVH0H0IRUWKHDVFRPSDFWHGVSHFLPHQ
 ,WVKRXOGEHQRWHGWKDW WKHNVYDOXHVSUHGLFWHGXVLQJWKHFOXVWHUPRGHOGHSHQGVRQ
WKH.R]HQ\&DUPDQSUHGLFWLRQ,QWKHPRGHOWKH.R]HQ\&DUPDQSUHGLFWLRQLVPRGLILHG
XVLQJ WKH QXPEHU RI FOD\ SDUWLFOHV SHU FOXVWHU 1 DQG WKH YRLG UDWLR IXQFWLRQ ,Q WKH
FRPSXWDWLRQ RI NV XVLQJ WKH .R]HQ\&DUPDQ HTXDWLRQ WKH VSHFLILF VXUIDFH DUHD ZDV
DVVXPHG WREHHTXDO WR WKHH[WHUQDOVSHFLILFVXUIDFHDUHD+RZHYHU WKHVSHFLILFVXUIDFH
DUHDXVHGVKRXOGEHWDNHQDVWKHDYHUDJHVSHFLILFVXUIDFHDUHDRIWKHFOD\FOXVWHUV7KLV
FDQEHGRQHLIWKHUHDUHHQRXJKH[SHULPHQWDOGDWDRQWKHSHUPHDELOLW\RIWKHPDWHULDOVR
WKDWWKHVORSHRI.H0UHODWLRQVKLSFDQEHFRPSXWHG7KHVORSHLQGLUHFWO\DFFRXQWVIRUWKH
SRVVLEOHYDOXHRIVSHFLILFVXUIDFHDUHDXVHGLQWKH.R]HQ\&DUPDQHTXDWLRQ
 8QVDWXUDWHG3HUPHDELOLW\0RGHO
 7KHXQVDWXUDWHGSHUPHDELOLW\IXQFWLRQLHXQVDWXUDWHGFRHIILFLHQWRISHUPHDELOLW\
YHUVXVVXFWLRQUHODWLRQVKLSLVGHILQHGIRUWKHXQFRQILQHGVZHOOLQJDQGPXOWLVWHSFRQVWDQW
YROXPHVZHOOLQJSUHVVXUHWHVWVRIWKHDVSUHSDUHGVSHFLPHQ
 9DQ*HQXFKWHQ0XDOHP0RGHO
 'HULYDWLRQ RI XQVDWXUDWHG SHUPHDELOLW\ IXQFWLRQ EDVHG RQ WKH YDQ *HQXFKWHQ
0XDOHP VWDWLVWLFDO PRGHO YDQ *HQXFKWHQ  DQG 0XDOHP  UHTXLUHV WKH YDQ
*HQXFKWHQILWWLQJSDUDPHWHUVIRUWKHVRLOZDWHUFKDUDUDFWHULVWLFRUWKHHIIHFWLYHGHJUHHRI
VDWXUDWLRQYHUVXV VXFWLRQ FXUYH ,Q WKLV FDVH SDUDPHWHUQ DQGP LQ WKHYDQ*HQXFKWHQ

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV

6:&& HTXDWLRQ DUH DVVXPHG WR EH FRUUHODWHG RQH WR WKH RWKHU DFFRUGLQJ WR (TXDWLRQ
 7KH UHVLGXDO GHJUHH RI VDWXUDWLRQ 6UHV LV WDNHQ DV WKH PLQLPXP GHJUHH RI
VDWXUDWLRQLHWKHDVSUHSDUHGGHJUHHRIVDWXUDWLRQ7KHPD[LPXPGHJUHHRIVDWXUDWLRQ
6UPD[ LV WDNHQDV WKHPD[LPXPDWWDLQDEOHGHJUHHRIVDWXUDWLRQRI WKHVSHFLPHQGXULQJ
ZHWWLQJ XQGHU WKH FRUUHVSRQGLQJ ERXQGDU\ FRQGLWLRQV (TXDWLRQ  DQG (TXDWLRQ
H[SUHVVWKHLQFUHDVHLQ6HZLWKGHFUHDVLQJVXFWLRQGXULQJXQFRQILQHGVZHOOLQJWHVW
DQG PXOWLVWHS FRQVWDQW YROXPH VZHOOLQJ SUHVVXUH WHVW RQ WKH DVSUHSDUHG VSHFLPHQ
UHVSHFWLYHO\ZLWK6HLQSHUFHQWDQGVLQN3D
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 %DVHGRQWKHDERYHHTXDWLRQVSDUDPHWHUPIRUWKHXQFRQILQHGVZHOOLQJWHVWGDWDLV
DQGIRU WKHPXOWLVWHSVZHOOLQJSUHVVXUH WHVWGDWD LVHTXDO WR7KHUHIHUHQFH
VXFWLRQ VUHI IRU WKH XQFRQILQHG VZHOOLQJ WHVW GDWD LV  N3D DQG IRU WKH PXOWLVWHS
VZHOOLQJSUHVVXUHWHVWGDWDLVHTXDOWRN3D(TXDWLRQKDVDQURIZLWK
DQ6((RIZKHUHDV(TXDWLRQKDVDQURIZLWKDQ6((RI7KH
IROORZLQJ HTXDWLRQV H[SUHVV WKH FKDQJH LQ FRHIILFLHQW RI SHUPHDELOLW\ ZLWK GHFUHDVLQJ
VXFWLRQ EDVHG RQ (TXDWLRQ  DQG (TXDWLRQ  UHVSHFWLYHO\ ERWK LQ
FRPELQDWLRQZLWK(TXDWLRQZLWK6HLVLQSHUFHQW
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 )UHGOXQGDQG;LQJ0XDOHP0RGHO
 6LPLODU WR WKH YDQ*HQXFKWHQ0XDOHPPRGHO LQ WKH )UHGOXQG DQG;LQJ0XDOHP
VWDWLVWLFDOPRGHO)UHGOXQGDQG;LQJDQG0XDOHPSDUDPHWHUVGHVFULELQJWKH
6:&&RUYROXPHWULFZDWHUFRQWHQWYHUVXVVXFWLRQFXUYHDUHUHTXLUHG7KHEHVWILWWLQJRI
SDUDPHWHUV WR WKHH[SHULPHQWDOGDWDZDVSHUIRUPHGE\PHDQVRIQRUPDOLVHGYROXPHWULF
ZDWHU FRQWHQW 4 YHUVXV VXFWLRQ GDWD IRU ERWK WKHPXOWLVWHS FRQVWDQW YROXPH WHVW DQG
XQFRQILQHGVZHOOLQJIURPDVSUHSDUHGFRQGLWLRQV%DVHGRQWKHH[SHULPHQWDOGDWDWKHD

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV

Q DQGP YDOXHV IRU WKH XQFRQILQHG VZHOOLQJ WHVW GDWD DUH  N3D  DQG 
UHVSHFWLYHO\DQGIRUWKHPXOWLVWHSVZHOOLQJSUHVVXUHWHVWGDWDWKHYDOXHVDUHDUHN3D
DQGUHVSHFWLYHO\7KH6UPD[DQG6UHVDVXVHGLQWKHYDQ*HQXFKWHQ0XDOHP
PRGHO DUHXVHGDV WKHXSSHUDQG ORZHU OLPLWVRI LQWHJUDWLRQ WKDW LVSHUIRUPHGEDVHGRQ
(TXDWLRQ  7KXV (TXDWLRQ  DQG (TXDWLRQ  KROG IRU WKH XQFRQILQHG
VZHOOLQJDQGPXOWLVWHSVZHOOLQJSUHVVXUHWHVWGDWDUHVSHFWLYHO\
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 7KH UHVXOWLQJ UHODWLYH SHUPHDELOLW\ LV D IXQFWLRQ RI YROXPHWULF ZDWHU FRQWHQW
NUTZ8VLQJ(TXDWLRQ  DQG(TXDWLRQ  WKH UHODWLYHSHUPHDELOLW\ FDQEH
H[SUHVVHGDVDIXQFWLRQRIVXFWLRQNUV
 &RPSDULVRQEHWZHHQWKHYDQ*HQXFKWHQ0XDOHPDQG)UHGOXQGDQG
;LQJ0XDOHP0RGHOV
 7KH VDWXUDWHG FRHIILFLHQW RI SHUPHDELOLW\ NV DV REWDLQHG XVLQJ WKH FOXVWHUPRGHO
FDQEHXVHGLQWKHFRPSXWDWLRQWRGHULYHWKHNZVUHODWLRQVKLSIRUERWKWHVWV)LJXUH
VKRZV D FRPSDULVRQ EHWZHHQ XQVDWXUDWHG SHUPHDELOLW\ IXQFWLRQ REWDLQHG XVLQJ WKH YDQ
*HQXFKWHQ0XDOHPPRGHOZLWKWKDWGHULYHGXVLQJWKH)UHGOXQGDQG;LQJ0XDOHPPRGHO
IRU WKH XQFRQILQHG ZHWWLQJ WHVW RQ WKH DVSUHSDUHG VSHFLPHQ 7KH )UHGOXQG DQG ;LQJ
0XDOHPVWDWLVWLFDOPRGHOSUHGLFWVRQHWRWZRRUGHURIPDJQLWXGHVORZHUNZWKDQWKHYDQ
*HQXFKWHQ0XDOHP VWDWLVWLFDO PRGHO )LJXUH  VKRZV WKH FKDQJH LQ XQVDWXUDWHG
FRHIILFLHQW RI SHUPHDELOLW\ GXULQJ PXOWLVWHS VZHOOLQJ SUHVVXUH WHVW RQ WKH DVSUHSDUHG
VSHFLPHQ7KHWZRPRGHOVSUHGLFWDOPRVWVLPLODUXQVDWXUDWHGSHUPHDELOLW\IXQFWLRQZLWK
YDULDWLRQRIOHVVWKDQRQHRUGHURIPDJQLWXGH

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV

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YDQ*HQXFKWHQ0XDOHPPRGHO
)UHGOXQGDQG;LQJ0XDOHPPRGHO

)LJXUH9DULDWLRQRIXQVDWXUDWHGFRHIILFLHQWRISHUPHDELOLW\GXULQJXQFRQILQHG
VZHOOLQJWHVWIURPDVSUHSDUHGFRQGLWLRQVVSHFLPHQV8&DQG8&
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YDQ*HQXFKWHQ0XDOHPPRGHO
)UHGOXQGDQG;LQJ0XDOHPPRGHO

)LJXUH9DULDWLRQRIXQVDWXUDWHGFRHIILFLHQWRISHUPHDELOLW\GXULQJPXOWLVWHS
FRQVWDQWYROXPHVZHOOLQJSUHVVXUHWHVWIURPDVSUHSDUHGFRQGLWLRQVVSHFLPHQV63+&
%DQG

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV

 )LJXUHVKRZVDWKUHHGLPHQVLRQDOSORWRISHUPHDELOLW\IXQFWLRQGHULYHGXVLQJ
WKH FRPELQDWLRQRI FOXVWHUPRGHO DQG)UHGOXQGDQG;LQJ0XDOHPPRGHO IRU WKHPXOWL
VWHS VZHOOLQJ SUHVVXUH XQFRQILQHG VZHOOLQJ DQG VDWXUDWHG FRPSUHVVLRQUHERXQG WHVWV
7KH XQVDWXUDWHG FRHIILFLHQW RI SHUPHDELOLW\ RI WKH DVSUHSDUHG  EHQWRQLWHVDQG
PL[WXUHLVVKRZQWREHDIXQFWLRQRIYRLGUDWLRDQGVXFWLRQ

)LJXUH7KUHHGLPHQVLRQDOSORWRISHUPHDELOLW\IXQFWLRQFOXVWHUPRGHODQG
)UHGOXQGDQG;LQJ0XDOHPPRGHO
 $QDO\VLVRI&UDFN'HYHORSPHQWGXHWR6XFWLRQ,QFUHDVH
 &UDFNLQJ LV DQ LPSRUWDQW LVVXH ZKHQ GLVFXVVLQJ WKH XVH RI FRPSDFWHG 
EHQWRQLWHVDQGPL[WXUH DV VHDOLQJ DQG EXIIHUPDWHULDO LQ QXFOHDUZDVWH UHSRVLWRU\ 7KH
SUHVHQFHRIFUDFNVLQFUHDVHVSHUPHDELOLW\RIWKHPDWHULDO&UDFNVDUHPDLQO\FDXVHGE\D
UDSLGLQFUHDVHLQVXFWLRQGXULQJGU\LQJDQGRUDQLQFUHDVHLQWHPSHUDWXUHJHQHUDWHGE\WKH
VWRUHGZDVWH 6LQFH WKLV LQYHVWLJDWLRQ GLG QRW IRFXV RQ WHPSHUDWXUH HIIHFW WKH DQDO\VLV
SUHVHQWHGKHUHLQRQO\DLPVDWLQYHVWLJDWLQJSRVVLEOHGHYHORSPHQWRIFUDFNVGXHWRVXFWLRQ
LQFUHDVH7KHDQDO\VLVXVHVSDUDPHWHUVGHULYHGIURPWKHFRQVWLWXWLYHPRGHOOLQJ,,LHWKH
QRQOLQHDUHODVWLFYROXPHFKDQJHPRGHOEDVHGLQWKHVRLOSKDVHFRQWLQXLW\UHTXLUHPHQWV

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV

,WLVDVVXPHGLQWKHDQDO\VLVWKDWVXFWLRQLVGHILQHGDVWKHGLIIHUHQFHEHWZHHQSRUHDLUDQG
SRUHZDWHUSUHVVXUHLQWKHVRLOLHWKHFDSLOODU\SKHQRPHQRQ
 7KH H[LVWHQFHRI FUDFNV LQ WKH VRLO SURGXFH ORFDO WHQVLOH VWUHVVHV DW WKH FUDFN WLSV
ZKHQVRLOGHIRUPDWLRQVLQWKHGLUHFWLRQSHUSHQGLFXODUWRWKHGLUHFWLRQRIFUDFNVWUDLQDUH
FRQVWUDLQHG0RUULVHWDO%HIRUHFUDFNLQJVWDUWVWKHQHWVWUHVVLQWKHGLUHFWLRQRI
FUDFNLQJVŒXDLVDVIROORZV
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ZKHUHVŏXDLVWKHQHWVWUHVVSHUSHQGLFXODUWRWKHFUDFNGLUHFWLRQ
 )RUFUDFNVWRRFFXUWKHVŒXDPXVWH[FHHGWKHWHQVLOHVWUHQJWKWVRIWKHVRLODQG
KHQFH WKH RFFXUUHQFH RI FUDFNV GHSHQG RQ WKH PDJQLWXGH RI ) IXQFWLRQ ZKLFK LV
IRUPXODWHGDV
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ZKHUH)LVDIXQFWLRQKDYLQJDYDOXHRIOHVVWKDQ]HURZKHQFUDFNVRFFXU
 7KHWHQVLOHVWUHQJWKRIWKHVRLOLQFUHDVHVZLWKVXFWLRQLQDFFRUGLQJWRWKHIROORZLQJ
HTXDWLRQ ZLWK IE LV WKH DQJOH LQGLFDWLQJ DQ LQFUHDVH LQ VKHDU VWUHQJWK ZLWK LQFUHDVLQJ
VXFWLRQ0RUULVHWDO
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 
 ,Q WKH HTXDWLRQ F
 DQGI
 UHSUHVHQW WKH VDWXUDWHG HIIHFWLYH FRKHVLRQ DQG HIIHFWLYH
DQJOHRI LQWHUQDOIULFWLRQRI WKHVRLO UHVSHFWLYHO\7KHDSSDUHQWHIIHFWLYHFRKHVLRQFDSS
DQGWKHHIIHFWLYHDQJOHRILQWHUQDOIULFWLRQRIWKHDVSUHSDUHGVSHFLPHQLHDWDVXFWLRQRI
N3DKDYHEHHQUHSRUWHGE\,I%DQGWKHYDOXHVDUHHTXDOWRN3DDQG
RUHVSHFWLYHO\
 ,Q WKLV DQDO\VLV RQO\ RQH VFHQDULR LV FRQVLGHUHG 7KH VFHQDULR FRQVLGHUHG LV WKH
FUDFNVWKDWGHYHORSRQWKHVDWXUDWHGSDUWRIWKHPDWHULDODVFDXVHGE\GU\LQJRUVXFWLRQ
LQFUHDVH7KHVŏXDZKLFKDFWVLVWKHUHIRUHHTXDOWRWKHVZHOOLQJSUHVVXUH3VRIWKH
PDWHULDO7KHUHGXFWLRQRI3VZLWKLQFUHDVLQJVXFWLRQLVDVVXPHGWRIROORZDUHODWLRQVKLS
JLYHQ LQ (TXDWLRQ  7KHUHPD\ EH RWKHU IRUFHV DFWLQJ RQ WKHPDWHULDO HJ OLTXLG
SUHVVXUH UHVXOWLQJ IURP LQILOWUDWHG ZDWHU KRZHYHU WKH VFHQDULR FRQVLGHUHG KHUHLQ
SURYLGHV WKHZRUVWFRQGLWLRQVRI WKHPDWHULDO LQ WKHILHOG7KHYDULDWLRQRI(YDOXHZLWK
VXFWLRQ DQG QHW VWUHVV IROORZV WKH UHODWLRQVKLS JLYHQ LQ (TXDWLRQ ZKHUHDV+ LV

&KDSWHU'HULYDWLRQRIPRGHOOLQJSDUDPHWHUV

GHULYHG IURP WKHZHWWLQJ GDWD LH WKH YRLG UDWLRVXFWLRQ UHODWLRQVKLS RI WKH VSHFLPHQ
ZKLFKZDVVXEMHFWHGWRVXFWLRQLQFUHDVHDIWHUVDWXUDWLRQXQGHUFRQVWDQWYROXPHFRQGLWLRQV
LHVSHFLPHQ8&

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,QWKHHTXDWLRQERWK+DQGVDUHLQN3D
 )LJXUHVKRZVWKH)YDOXHDVDIXQFWLRQRIVXFWLRQGXULQJGU\LQJRUVXFWLRQ
LQFUHDVHIRUQRQFRQVWDQWWVLHDFFRUGLQJWR(TXDWLRQDQGFRQVWDQWWVLHWKH
WVYDOXHDWVDWXUDWLRQ7KH)YDOXHUHPDLQVKLJKHYHQXSWRN3DVXFWLRQLQERWK
FDVHVLQGLFDWLQJWKDWVXFWLRQLQFUHDVHLQGXFHQRFUDFNVLQWKHPDWHULDO+RZHYHULWVKRXOG
EH QRWHG WKDW LQ WKLV FDVH WKH PDWHULDO LV DVVXPHG WR EH DOZD\V DW PHFKDQLFDO DQG
K\GUDXOLF HTXLOLEULXPDW HDFK VXFWLRQYDOXH$VGLVFXVVHG LQ WKHSUHFHGLQJ FKDSWHU WKDW
K\GUDXOLFQRQHTXLOLEULXPFDQDOVRLQGXFHFUDFNRQWKHVDWXUDWHGVSHFLPHQ

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FRQVWDQWW

)LJXUH9DULDWLRQRI)ZLWKVXFWLRQGXULQJGU\LQJ

&KDSWHU&RQFOXVLRQVDQGUHFRPPHQGDWLRQV

&+$37(5 
&21&/86,216$1'5(&200(1'$7,216
 &RQFOXVLRQV
 $Q H[SHULPHQWDO VWXG\ RQ WKH K\GURPHFKDQLFDO FKDUDFWHULVWLFV RI EHQWRQLWHVDQG
PL[WXUHV KDV EHHQ SUHVHQWHG%DVHG RQ WKH DQDO\VLV RI WKH H[SHULPHQWDO GDWD SUHVHQWHG
LHLQ&KDSWHUWR&KDSWHUDQGWKHGHULYDWLRQRISDUDPHWHUVLHLQ&KDSWHUWKH
IROORZLQJFRQFOXVLRQVFDQEHGUDZQ
0LFURVWUXFWXUHDQG)DEULF6WXGLHV
 7KHDVSUHSDUHGVSHFLPHQH[KLELWVDELPRGDOSRUHVL]HGLVWULEXWLRQFXUYHLQGLFDWLQJ
WKH SUHVHQFH RIPLFUR DQGPDFURSRUHV7KH IDEULFZDV SUHVHUYHG HYHQ DIWHU WKH
VSHFLPHQXQGHUJRHVGU\LQJRUZHWWLQJSURFHVV
 :DWHUZDVDEVRUEHG LQ WKHPLFURDQGPDFURSRUHVGXULQJZHWWLQJXQGHUFRQVWDQW
YROXPHFRQGLWLRQVZLWKRXWLQWURGXFLQJDQ\GLVLQWHJUDWLRQRIFOD\FOXVWHUV7KHFOD\
FOXVWHUVVHSDUDWHGHDFKRWKHUZKLOHWKHYROXPHRIHDFKLQGLYLGXDOFOXVWHULQFUHDVH
 6XFWLRQVDQG6XFWLRQ0HDVXUHPHQWV
 6XFWLRQ RU WRWDO VXFWLRQ LQ H[SDQVLYH VRLOV LV FRPSRVHG E\ FDSLOODU\ RU VXUIDFH
WHQVLRQFRPSRQHQWRVPRWLFFRPSRQHQWDQGWKHFRPSRQHQWGXHWRVRUSWLYHIRUFHV
7KH FDSLOODU\ DQG VRUSWLYH IRUFHV FRPSRQHQWV FRQVWLWXWH WKH PDWULF VXFWLRQ
FRPSRQHQWRIH[SDQVLYHVRLOV
 7RWDOVXFWLRQRIEHQWRQLWHVDQGPL[WXUHVLVDIXQFWLRQRIPL[WXUHZDWHUFRQWHQWDQG
PL[WXUHEHQWRQLWHFRQWHQWRUDIXQFWLRQRIEHQWRQLWHZDWHUFRQWHQWDQGQRDSSDUHQW
HIIHFWVRIYRLGUDWLRDQGIDEULFDUHVHHQ,WLQGLFDWHVWKDWWKHFRQWULEXWLRQRIFDSLOODU\
FRPSRQHQWRIVXFWLRQLVLQVLJQLILFDQW
 'LIIHUHQWWHFKQLTXHVIRUPHDVXULQJVXFWLRQUHVXOWLQGLIIHUHQWYDOXHVRIVXFWLRQ7KH
FKLOOHGPLUURU K\JURPHWHU LV IRXQG WR EH WKH PRVW DFFXUDWH PHDQV RI PHDVXULQJ
WRWDO VXFWLRQ 7KH LQFRQWDFW ILOWHU SDSHU PHDVXUHV WKH FDSLOODU\ FRPSRQHQW RI
VXFWLRQ

&KDSWHU&RQFOXVLRQVDQGUHFRPPHQGDWLRQV

 +\GUDWLRQ WLPH DSSHDUV WR KDYH HIIHFWV RQ VXFWLRQ RI H[SDQVLYH VRLOV GXH WR WKH
SUHVHQFHRIPLFURDQGPDFURSRUHVLQWKHVRLOV7KHSURFHVVLVWKRXJKWWREHUHODWHG
WRWKHVHFRQGDU\EHKDYLRXULHWKHWLPHGHSHQGHQWEHKDYLRXULQH[SDQVLYHVRLOV
:HWWLQJDQG'U\LQJ%HKDYLRXU
 7KHDVSUHSDUHGEHQWRQLWHVDQGPL[WXUHVKRZVQRJHQHUDOPDLQZHWWLQJDQG
GU\LQJFXUYHVIRUXQFRQILQHGZHWWLQJDQGGU\LQJFXUYHV+\VWHUHVLVLVIRXQGLQWKH
ZDWHUFRQWHQWDQGGHJUHHRIVDWXUDWLRQYHUVXVVXFWLRQUHODWLRQVKLSVZKHUHDVWKHYRLG
UDWLRYHUVXVVXFWLRQUHODWLRQVKLSKDVLQVLJQLILFDQWK\VWHUHVLVDQGVKRZVDUHYHUVLEOH
UHVSRQVHWRGU\LQJDQGZHWWLQJXQGHUXQFRQILQHGFRQGLWLRQV
 7KHUH LV D OLPLWLQJ GHJUHH RI VDWXUDWLRQ IRUZHWWLQJ XQGHU XQFRQILQHG FRQGLWLRQV
ZKLFKLVDIXQFWLRQRI WKHKLJKHVWVXFWLRQWKDWHYHUH[SHULHQFHGE\WKHVRLOEHIRUH
WKHFRPPHQFHPHQWRIZHWWLQJSURFHVV
 &UDFNVGXULQJGU\LQJXQGHUXQFRQILQHGFRQGLWLRQVRFFXUGXHWRWKHLQKRPRJHQHLW\
RIVXFWLRQGLVWULEXWLRQDWGLIIHUHQWOHYHOVRISRUHV7KHVXFWLRQDWZKLFKFUDFNVVWDUW
WRRFFXULVDIXQFWLRQRIVWUHVVOHYHOXQGHUZKLFKWKHVRLOLVVDWXUDWHGSULRUWRGU\LQJ
 7KH ZHWWLQJ FXUYH RI WKH DVSUHSDUHG VSHFLPHQ LV DIIHFWHG E\ WKH VSHFLPHQ¶V
ERXQGDU\ FRQGLWLRQV LH XQFRQILQHG RU FRQVWDQW YROXPH FRQGLWLRQV 7KH
LQYHVWLJDWLRQRIWKHFKDQJHVLQLQWUDDJJUHJDWHZDWHUFRQWHQWZLWKVXFWLRQLQGLFDWHV
WKDW WKH ERXQGDU\ FRQGLWLRQ HIIHFWV RQ ZHWWLQJ VWDUW WR WDNH SODFH DW  N3D
VXFWLRQ
 6ZHOOLQJ3UHVVXUH
 'LIIHUHQWPHWKRGV XVHG WRPHDVXUH VZHOOLQJ SUHVVXUH UHVXOW LQ GLIIHUHQW YDOXHV RI
VZHOOLQJ SUHVVXUH LQGLFDWLQJ WKH VWUHVV DQG VXFWLRQSDWK GHSHQGHQF\ RI VZHOOLQJ
SUHVVXUH 7KH IDFWPD\ LQGLFDWH WKH HIIHFWV RI GLIIHUHQW IDEULFV RI WKH VSHFLPHQV
ZKLFKIROORZHGGLIIHUHQWSDWKVDWHTXLOLEULXPYRLGUDWLRDWWKHHQGRIHDFKWHVW
 6ZHOOLQJSUHVVXUHRIEHQWRQLWHVDQGPL[WXUHV LV D IXQFWLRQRIPL[WXUHGU\GHQVLW\
DQGPL[WXUHEHQWRQLWHFRQWHQWRULVDIXQFWLRQRIEHQWRQLWHGU\GHQVLW\
 7KHGHOD\HGµWUXH¶HTXLOLEULXPVWDWHDIWHUZHWWLQJRIWKHDVSUHSDUHGVSHFLPHQXSWR
 N3D VXFWLRQ UHVXOWHG LQ LQVLJQLILFDQW GHYHORSPHQW RI VZHOOLQJ SUHVVXUH 7KH
EHKDYLRXULVWKRXJKWWREHUHODWHGWRWKHLQWHUQDOUHGLVWULEXWLRQRIZDWHUFDXVHGE\
WKHVXFWLRQJUDGLHQWEHWZHHQWKHPLFURDQGPDFURSRUHV
 7KHUHLVDWKUHVKROGVXFWLRQEHORZZKLFKDGHFUHDVHLQVXFWLRQZLOOEHIROORZHGDQ
LQFUHDVH LQ VZHOOLQJSUHVVXUHRI WKH VDPHPDJQLWXGH7KHPDJQLWXGHRI WKUHVKROG
VXFWLRQLVDIXQFWLRQRIEHQWRQLWHFRQWHQW

&KDSWHU&RQFOXVLRQVDQGUHFRPPHQGDWLRQV

 6LPLODUO\ WKHUH LV DOVR D WKUHVKROG ZDWHU FRQWHQW EH\RQG ZKLFK D VPDOO IXUWKHU
LQFUHDVHLQZDWHUFRQWHQWUHVXOWVLQDVLJQLILFDQWLQFUHDVHLQVZHOOLQJSUHVVXUH7KH
PDJQLWXGHRIWKUHVKROGZDWHUFRQWHQWLVDOVRDIXQFWLRQRIEHQWRQLWHFRQWHQWRIWKH
PL[WXUH
2QH'LPHQVLRQDO&RPSUHVVLRQDQG5HERXQG%HKDYLRXUXQGHU&RQVWDQW
6XFWLRQ
 7KHDVSUHSDUHGEHQWRQLWHVDQGPL[WXUHDWVDWXUDWHGVWDWHEHKDYHVHODVWLFDOO\
LQUHVSRQVHWRFRPSUHVVLRQDQGUHERXQGLQWKHKLJKUDQJHRIQHWYHUWLFDOVWUHVVRU
ORZYRLGUDWLR7KHHODVWLFEHKDYLRXUGLPLQLVKHVDV WKHPDWHULDOXQVDWXUDWHVRU LQ
WKHORZUDQJHRIQHWYHUWLFDOVWUHVV
 7KH DSSDUHQW SUHFRQVROLGDWLRQ SUHVVXUH LQFUHDVHV ZLWK LQFUHDVLQJ VXFWLRQ 7KH
LQIOXHQFHRIVXFWLRQEHFRPHVXQDSSDUHQWZLWKLQFUHDVLQJVXFWLRQ
 7KH FRPSUHVVLYH LQGH[ JHQHUDOO\ GHFUHDVHVZLWK LQFUHDVLQJ VXFWLRQ 7KH VORSH RI
YLUJLQFRPSUHVVLRQOLQHDOVRGHFUHDVHVZLWKLQFUHDVLQJVXFWLRQ
 7KH SDUDPHWHUV REWDLQHG IURP WKH RQHGLPHQVLRQDO WHVW FDQ EH XVHG LQ WKH
%DUFHORQD%DVLF0RGHOZLWKVXIILFLHQWDFFXUDF\DOWKRXJKWKHPRGHOZDVGHYHORSHG
IRULVRWURSLFVWUHVVFRQGLWLRQV
 7KH PRGXOXV RI HODVWLFLW\ RI VRLO VWUXFWXUH LQFUHDVHV ZLWK LQFUHDVLQJ QHW YHUWLFDO
VWUHVVDQGVXFWLRQDFFRUGLQJWRDSRZHUODZ7KHLQFUHDVHLQPRGXOXVRIHODVWLFLW\RI
WKHPDWHULDOZLWKQHWYHUWLFDOVWUHVVEHFRPHVOHVVDSSDUHQWDVVXFWLRQLQFUHDVHV
 7KH PRGXOXV RI HODVWLFLW\ RI VRLO VWUXFWXUH ZLWK UHVSHFW WR FKDQJHV LQ VXFWLRQ
LQFUHDVHVZLWK LQFUHDVLQJVXFWLRQDFFRUGLQJ WRDSRZHU ODZDQG LVDOVR WKRXJKW WR
LQFUHDVHZLWKLQFUHDVLQJQHWYHUWLFDOVWUHVV
 7KHPRGXOXV RI HODVWLFLW\ RI ZDWHU SKDVH ZLWK UHVSHFW WR FKDQJHV LQ QHW YHUWLFDO
VWUHVVDVZHOODVVXFWLRQDOVRLQFUHDVHVZLWKLQFUHDVLQJQHWYHUWLFDOVWUHVVDFFRUGLQJ
WRDSRZHUODZ
2QH'LPHQVLRQDO:HWWLQJ'U\LQJ%HKDYLRXUXQGHU&RQVWDQW/RDG
 7KH DVSUHSDUHG VSHFLPHQ EHKDYHV HODVWLFDOO\ DIWHU IRXU F\FOHV RI ZHWWLQJ DQG
GU\LQJXQGHUFRQVWDQWQHWYHUWLFDOVWUHVVHV7KHHODVWLFGHIRUPDWLRQZLWKUHVSHFWWR
FKDQJHV LQ VXFWLRQ XQGHU FRQVWDQW QHW YHUWLFDO VWUHVVHV VLJQLILHV WKH HODVWLF
GHIRUPDWLRQRIWKHPLFURVWUXFWXUHV
 7KHFRPSUHVVLYHLQGH[IRUWKHPLFURVWUXFWXUHZLWKUHVSHFWWRFKDQJHVLQVXFWLRQLV
QRWVLJQLILFDQWO\DIIHFWHGE\QHWYHUWLFDOVWUHVV

&KDSWHU&RQFOXVLRQVDQGUHFRPPHQGDWLRQV

 3HUPHDELOLW\&KDUDFWHULVWLFV
 7KH VDWXUDWHG FRHIILFLHQW RI SHUPHDELOLW\ RI GLIIHUHQW PL[WXUHV LV D IXQFWLRQ RI
EHQWRQLWHGU\GHQVLW\RUEHQWRQLWHYRLGUDWLR
 7KH.R]HQ\&DUPDQHTXDWLRQSUHGLFWVORZHUVDWXUDWHGFRHIILFLHQWVRISHUPHDELOLW\
WKDQ WKRVH FRPSXWHG XVLQJ WKH VDWXUDWHG FRPSUHVVLRQ DQG UHERXQG WHVW GDWD
DVVXPLQJWKHDSSOLFDELOLW\RI7HU]DJKL¶VWKHRU\RIFRQVROLGDWLRQ
 7KH FOXVWHU PRGHO LV IRXQG WR EH D SURPLVLQJ SHUPHDELOLW\ PRGHO IRU H[SDQVLYH
VRLOV,QWKHFOXVWHUPRGHOWKHFKDQJHLQSHUPHDELOLW\ZLWKUHVSHFWWRFKDQJHVLQWKH
LQWUDDJJUHJDWHYRLGUDWLRUHODWLYHWRWKHPHDVXUDEOHFKDQJHVLQWKHWRWDOYRLGUDWLR
FDQEHTXDQWLILHGZKHUHDVLWFDQQRWEHFDSWXUHGE\WKH.R]HQ\&DUPDQPRGHO
 7KH VWDWLVWLFDO PRGHOV LQ FRPELQDWLRQ ZLWK WKH FOXVWHU PRGHO FDQ EH XVHG WR
FDOFXODWHWKHXQVDWXUDWHGSHUPHDELOLW\RIH[SDQVLYHVRLOV
 5HFRPPHQGDWLRQV
 )XUWKHU H[SHULPHQWDOZRUNV DUH UHTXLUHG WR FRQILUP VHYHUDO DVSHFWV WKDW KDYH QRW
EHHQ FOHDUO\ GHVFULEHG E\ WKH SUHVHQW H[SHULPHQWDO GDWD 6RPH FKDUDFWHULVWLFV RI WKH
FRPSDFWHGEHQWRQLWHVDQGPL[WXUHV LQYHVWLJDWHG LQ WKLV VWXG\KDYHQRWEHHQVXIILFLHQWO\
LQFRUSRUDWHGLQWKHFXUUHQWPRGHOOLQJDSSURDFK7KHIROORZLQJDVSHFWVDUHVXJJHVWHGIRU
IXWXUHVWXGLHVRQWKHEHQWRQLWHVDQGPL[WXUHV
 )XWXUH([SHULPHQWDO:RUNV
 0HDVXUHPHQW RI WRWDO VXFWLRQ VKRXOG EH SHUIRUPHG RQ FRPSDFWHG VSHFLPHQV DW
GLIIHUHQWDJHV QRWRQO\DW WZRGLIIHUHQWDJHV WRVWXG\PRUHGHHSO\ WKHHIIHFWVRI
K\GUDWLRQ RQ WKH PDJQLWXGH RI WRWDO VXFWLRQ 7KH FKDQJH LQ WRWDO VXFWLRQ ZLWK
K\GUDWLRQ WLPH FDQ DFFRUGLQJO\ EH LQYHVWLJDWHG 6LPLODUO\ DQ LQYHVWLJDWLRQ RI WKH
HIIHFWVRIK\GUDWLRQWLPHDQGDJLQJRQWKHVZHOOLQJFKDUDFWHULVWLFVRIWKHEHQWRQLWH
VDQGPL[WXUHVXVHGLVGHVLUDEOH
 0HDVXUHPHQWRIPDWULFVXFWLRQXVLQJKLJKVXFWLRQSUREHLVQHFHVVDU\WRSURYLGHD
EHWWHUFRPSDULVRQZLWKWKHWRWDOVXFWLRQGDWDRIWKHFRPSDFWHGVSHFLPHQVPHDVXUHG
XVLQJWKHFKLOOHGPLUURUK\JURPHWHU
 'HVSLWHLWVGHSHQGHQF\RQWKHVTXHH]LQJSUHVVXUHXVHGWKHRVPRWLFVXFWLRQGDWDIRU
VSHFLPHQV ZLWK GLIIHUHQW ZDWHU FRQWHQWV GU\ GHQVLWLHV DQG EHQWRQLWH FRQWHQWV
FRPSOLPHQWWKHWRWDODQGPDWULFVXFWLRQGDWD
 ,QWKLVGLVVHUWDWLRQWKHUHVXOWVRIZHWWLQJDQGGU\LQJWHVWVXVLQJWKHD[LVWUDQVODWLRQ
DQG YDSRXU HTXLOLEULXP WHFKQLTXHV DUH FRQVLGHUHG WR EH FRPELQDEOH DVVXPLQJ QR

&KDSWHU&RQFOXVLRQVDQGUHFRPPHQGDWLRQV

GLOXWLRQ RI LRQV WDNHV SODFH GXULQJ WHVW XVLQJ WKH D[LVWUDQVODWLRQ WHFKQLTXH ,W LV
WKRXJKW WKDW WKLV LVQRW WKDW WUXH IRU H[SDQVLYH VRLOV VLQFH LRQVFDQDOZD\VGLIIXVH
DQGGLOXWHZKHQWKHVRLOLVLQGLUHFWFRQWDFWZLWKOLTXLGZDWHU:DWHUFRQWHQWRIDQ
H[SDQVLYH VRLO ZLOO EH KLJKHU ZKHQ LW LV ZHWWHG XVLQJ WKH YDSRXU HTXLOLEULXP
WHFKQLTXHFRPSDUHGWRWKDWZKHQZHWWHGXVLQJWKHD[LVWUDQVODWLRQWHFKQLTXHLQWKH
ORZVXFWLRQUDQJH$QDVVHVVPHQWVKRXOGEHPDGHUHJDUGLQJKRZIDUWKHDVVXPSWLRQ
RIQRLRQGLOXWLRQFRQGLWLRQVLVUHDVRQDEOHLQWKHFDVHRIH[SDQVLYHVRLOV
 'U\LQJ WHVWV IURP VOXUULHG FRQGLWLRQV RI WKH DVSUHSDUHG  EHQWRQLWHVDQG
VSHFLPHQZLOOSURYLGHWKHµWUXH¶YLUJLQFRPSUHVVLRQFXUYHZLWKUHVSHFWWRFKDQJHV
LQ VXFWLRQ 6LQFH WKH FXUYH LV GHSHQGHQW RQ WKH LQLWLDO ZDWHU FRQWHQW LW LV
UHFRPPHQGHG WKDW WKH WHVWEHSHUIRUPHGRQ WKH VSHFLPHQZLWKDZDWHUFRQWHQWDV
KLJKDVSRVVLEOHEXWORZHQRXJKWRSUHYHQWVHJUHJDWLRQRIFOD\SDUWLFOHV7KHWHVWV
FDQ DOVR EH FRQVLGHUHG WR EH GRQH XQGHU GLIIHUHQW QHW YHUWLFDO VWUHVV WR VWXG\ WKH
LQIOXHQFH RI VWUHVV OHYHO RQ WKH GU\LQJ EHKDYLRXU 6LPLODUO\ RQHGLPHQVLRQDO
FRPSUHVVLRQ WHVW VKRXOG EH SHUIRUPHG WR SURYLGH WKH µWUXH¶ YLUJLQ FRPSUHVVLRQ
FXUYHZLWKUHVSHFWWRFKDQJHVLQQHWYHUWLFDOVWUHVV
 7R FRPSOLPHQW WKH GDWD WKDW KDYH EHHQ REWDLQHG LQ WKLV VWXG\ VHYHUDO RQH
GLPHQVLRQDOFRPSUHVVLRQDQGUHERXQGWHVWVVKRXOGEHSHUIRUPHGXQGHUORZVXFWLRQ
YDOXHV LH ORZHU WKDQ  N3D WR VWXG\ WKH WUDQVLWLRQ IURP HODVWLF WR SODVWLF
EHKDYLRXURIWKHDVSUHSDUHGEHQWRQLWHVDQGVSHFLPHQ
 7KHRQHGLPHQVLRQDO F\FOLFZHWWLQJGU\LQJ WHVWV XQGHU FRQVWDQW QHW YHUWLFDO VWUHVV
VKRXOGEHSHUIRUPHGLQVXFKDZD\WRUHVXOWLQDJUHDWHUVZHOOLQJRQZHWWLQJDQGD
JUHDWHUVKULQNLQJRQGU\LQJ7KLVZD\WKHPLFURPDFURLQWHUDFWLRQIXQFWLRQVIRUWKH
%DUFHORQD([SDQVLYH0RGHO%([0FDQEHGHULYHGPRUHUHDOLVWLFDOO\
 0HDVXUHPHQWRIVDWXUDWHGFRHIILFLHQWVRISHUPHDELOLW\VKRXOGEHFRQGXFWHGDVLQWKH
IROORZLQJ 6HYHUDO DVSUHSDUHG  EHQWRQLWHVDQG VSHFLPHQV DUH VXEMHFWHG WR
GLIIHUHQW YDOXHV RI VXFWLRQ RQZHWWLQJ$IWHU UHDFKLQJ HTXLOLEULXP WKH VSHFLPHQV
DUH VDWXUDWHG XQGHU FRQVWDQW YROXPH FRQGLWLRQV DQG WKH VDWXUDWHG FRHIILFLHQWV RI
SHUPHDELOLW\DUHPHDVXUHG7KHLQLWLDOFOXVWHURUPLFURYRLGUDWLRRIWKHVSHFLPHQV
EHIRUHZHWWLQJLVFRQVWDQW7KHFKDQJHLQWKHFOXVWHUYRLGUDWLRFDQEHFRPSXWHGE\
NQRZLQJ WKH FKDQJH LQ WKH PLFURVWUXFWXUDO HIIHFWLYH VWUHVV IRU HDFK VSHFLPHQ
$FFRUGLQJO\ DQ LWHUDWLYH SURFHGXUH FDQ EH VHWXS WR FDOFXODWH WKH FKDQJH LQ WKH
QXPEHU RI FOD\ SDUWLFOHV SHU FOXVWHU IRU HDFK VSHFLPHQ EDVHG RQ WKH PHDVXUHG
FRHIILFLHQWV RI SHUPHDELOLW\ DQG WKH FRPSXWHG YDOXHV IURP WKH .R]HQ\&DUPDQ
PRGHO
 6LQFH WKH WUDQVSRUW RIZDWHU LQ WKH YDSRXU IRUP LV GRPLQDQW LQ WKH ORZ UDQJH RI
SHUPHDELOLW\ LH DW KLJK VXFWLRQ GLIIXVLYLW\ FRHIILFLHQW LV PRUH UHOHYDQW WR EH
PHDVXUHG 0HDVXUHPHQW RI XQVDWXUDWHG FRHIILFLHQWV RI SHUPHDELOLW\ DQG

&KDSWHU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GLIIXVLYLW\VKRXOGEHSHUIRUPHGXVLQJIRULQVWDQFHLQVWDQWDQHRXVSURILOHPHWKRG
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LQVWUXPHQWHGZLWKZDWHUFRQWHQW UHODWLYHKXPLGLW\DQGSUHVVXUH VHQVRUVDORQJ LWV
KHLJKW:DWHUFDQEHVXSSOLHGIURPWKHERWWRPRIWKHFHOODQGGLVWULEXWLRQRIZDWHU
FRQWHQWDQGUHODWLYHKXPLGLW\LQWKHVRLOLVREVHUYHGZLWKWLPHZKLOHDOVRPHDVXULQJ
LWVVZHOOLQJSUHVVXUHGHYHORSPHQW7KHSHUPHDELOLW\DQGGLIIXVLYLW\FRHIILFLHQWVFDQ
EHEDFNFDOFXODWHGIURPWKHH[SHULPHQWDOGDWD
 ([SHULPHQWDO VWXGLHV H[WHQGHG WR LQYHVWLJDWH WKH HIIHFWV RI WHPSHUDWXUH DQG
GLIIHUHQWSRUHIOXLGVDUHUHTXLUHGIRUEHWWHUXQGHUVWDQGLQJWKHPDWHULDOEHKDYLRXU
 3HUVSHFWLYHRI([SDQVLYH6RLO0RGHOOLQJ
 $OWKRXJK WKH LQIOXHQFH RI RVPRWLF VXFWLRQ RQ WKH H[SDQVLYH VRLO EHKDYLRXU PD\
LQGLUHFWO\EHLQFRUSRUDWHGLQWKHFRQVWLWXWLYHPRGHOOLQJDSSURDFKHVLHWKH%([0
DQGWKHYROXPHFKDQJHPRGHOEDVHGRQWKHVRLOSKDVHFRQWLQXLW\UHTXLUHPHQWVE\
FRQVLGHULQJWRWDOVXFWLRQLQVWHDGRIFDSLOODU\VXFWLRQLWVUROHVKRXOGEHFRQVLGHUHG
VSHFLILFDOO\7KLVLVWRDFFRXQWIRUSRVVLEOHLRQH[FKDQJHVEHWZHHQWKHPDWHULDOLH
WKHDVSUHSDUHGEHQWRQLWHVDQGPL[WXUHZLWKDQ\OLTXLGVIURPLWVVXUURXQGLQJ
LQ WKH ILHOG LH LQ WKH UHSRVLWRU\ $QRWKHU DSSURDFK WKDW FDQ EH DGRSWHG LV WR
FRQVLGHU WRWDOZDWHU SRWHQWLDO LQVWHDGRI VXFWLRQ LQ WKH IRUPXODWLRQRI FRQVWLWXWLYH
HTXDWLRQVZKLFKLVLQIDFWDWKHUPRG\QDPLFVDSSURDFK,ZDWDHWDO,QWKLV
DSSURDFKZDWHURURWKHUVROXWLRQVKDYHDWRWDOZDWHUSRWHQWLDOUHODWLYHWRWKHZDWHU
SRWHQWLDORIDSRRORIGLVWLOOHGGHDLUHGZDWHU)ORZRIZDWHUDQGRWKHUVROXWLRQVLQWR
RURXWRIWKHVHDOLQJDQGEXIIHUHOHPHQWVLVFDXVHGE\WKHGLIIHUHQFHLQWRWDOZDWHU
SRWHQWLDOEHWZHHQWKHHOHPHQWVDQGWKHVROXWLRQVDQGLQGXFHVPDFURVFRSLFYROXPH
FKDQJH LQ WKH FDVH RI XQFRQILQHG FRQGLWLRQV RU LQWHUQDO VZHOOLQJ LQ WKH FDVH RI
FRQVWDQW YROXPH FRQGLWLRQV 7KH VZHOOLQJ SUHVVXUH GHYHORSHG RU WKH QHW YHUWLFDO
VWUHVVDFWLQJRQDFOD\VSHFLPHQDWDQHTXLOLEULXPYRLG UDWLR LVDSDUWRI WKH WRWDO
ZDWHUSRWHQWLDO ,ZDWDHWDO+RZHYHU WKLVDSSURDFKKDVQRW\HWEHHQZHOO
GHYHORSHGDQGUHODWHGWRWKHPDFURVFRSLFPHDVXUDEOHYDOXHVVXFKDVYRLGUDWLRDQG
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FDSLOODU\ FRPSRQHQW RI VXFWLRQ 6LQFH WKH FDSLOODU\ FRPSRQHQW KDV LQVLJQLILFDQW
FRQWULEXWLRQ LQ WKH PDJQLWXGH RI WRWDO VXFWLRQ RI H[SDQVLYH VRLOV LWV UROH LQ WKH
PHFKDQLVPRIXQVDWXUDWHGIORZRIZDWHUDQGRWKHUOLTXLGVLVWKRXJKWWREHOLPLWHG
$WWHPSWVFRXOGEHPDGHWRLQFOXGHWKHRVPRWLFIORZLHWKHIORZRIZDWHURURWKHU
OLTXLGVDVDUHVXOWRIDQRVPRWLFJUDGLHQWEHWZHHQWKHOLTXLGVDQGVRLOSRUHZDWHULQ
WKHIRUPXODWLRQRIK\GUDXOLFPRGHOVRIWKHPDWHULDO
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FRPSDFWHGEHQWRQLWHVDQGPL[WXUH,Q3URFHHGLQJVRIWKH,QWHUQDWLRQDO&RQIHUHQFH
RQ3UREOHPDWLF6RLOV1RWWLQJKDP8QLWHG.LQJGRP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(G 7 6FKDQ] /HFWXUH 1RWHV LQ
$SSOLHG0HFKDQLFV6SULQJHU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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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

$PHQWH* %DNHU -0 DQG5HHFH )& 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 9ROXPH FKDQJH FKDUDFWHULVWLFV RI
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